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Thermit Welding has been responsible for tremendous savings to 
the iron and steel industry. Broken rolls, pinions, housings, mani- 
pulator racks and heavy machine frames are salvaged and repaired 
the Thermit way at a fraction of replacement cost. Further economies 
are effected by avoiding the long delays and costly shut-downs 
which almost invariably result when new parts must be cast or 
forged. Actual savings on individual jobs frequently run to several 
thousand dollars. 

There is every indication that even better times are ahead for the 
industry. It will pay you to prepare for them now by organizing a 
Thermit Welding Department. Our engineers, backed by many years 
of steel mill experience, will be glad to help with this work; to check 
over your scrapped equipment and report on parts that can be 
repaired profitably; to keep you posted on new developments in the 
application of Thermit. 

Write today for a copy of the booklet: ‘‘Thermit Welding—Industry’s 
Master Maintenance Tool’’, or, better still, ask to have our nearest 
representative call and give you the whole story in person. 


METAL & THERMIT CORPORATION, 120 BROADWAY, NEW YORK, N.Y 
ALBANY + CHICAGO + PITTSBURGH + SO. SAN FRANCISCO 
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Close-Up of Gas Welding A Section of the Line in the Steel Structure Cutting and Beveling Pipe to Correct Length z ern 


High Pressure Piping 


By J. A. FREIDAY+ 


HEMICAL industry plants use large amounts of per sq. in. and 750° F., total temperature. This steam is 
C piping for power, heating process and water lines fed to two G. E. back pressure turbines driving 2000-kw. 
and it is logical that they should use welding to join 2300-volt A.C. generators. Provision has been made for 

these piping systems since welding assures reliable, an additional turbine and additional high pressure boil- 
permanent, strong, leakproof joints. ers. These turbines exhaust steam at a pressure of 150 y 
About a year ago the U. S. Industrial Alcohol Co. de- Ib. per sq. in. and 100 degrees superheat which is usedfor 3 
cided to recondition its Baltimore Plants. This work process. Further, an excess of the 625 Ib. per sq. in. 
involved the reconstruction of many old buildings, new 750 degrees steam is provided over that required for 
construction and a complete new steam generating sys- turbine operation, which is taken to a pressure reducing 


tem to supply steam for power, process and heating. station and reduced to the plant medium pressure, 
The layout of the Baltimore Plants is unusual in that 


they are about half a mile apart ‘‘as the crow flies.”’ 
The U. S. Industrial Alcohol Co. plant is located in 
Curtis Bay while the U. S. Industrial Chemical Co. 
plant (a subsidiary) is located in Fairfield, a half mile 
distant across Curtis Bay; the distance by land is over a 
mile and a half. Each of these units had their own 
steam-generating plants, operating at 150 Ib. per sq. in. 
which were sorely in need of repair. It was imperative 
that a new steam-generating system be provided to re- 
place the old and care for future expansion. 

After a careful analysis of many methods of steam 
generation and utilization, it was decided to build a high 
pressure, high temperature system at the Alcohol Plant 
in Curtis Bay. The steam is first run through back 
pressure turbines, thereby generating the electric power 
for plant use, and then taken from the turbine exhausts 
for process and other uses in both plants. The final 
design comprehends the generation of steam at 625 lb. 


* Presented at the January 27, 1936, Meeting of the Cleveland Section of 
the AMERICAN WELDING SOCIETY. 


t Mechanical Engineer, Thomas E. Murray, Inc. 
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namely, 150 lb. per sq. in., 100 degrees superheat. This 
medium pressure steam is used for process and heating 
at both the Alcohol and Chemical Plants. These pres- 
sures and temperatures are not high in the light of mod- 
ern central station practice but they are relatively new in 


Six-Inch High Pressure Line Weld Being Stress Relieved 


the field of industrial plant operation. All piping in these 
various systems from 2 in. standard weight to 14 in. O.D. 
'"/is-in. wall Grade A seamless tubing has been gas welded. 

This work has started early in the Fall of 1934, just 
about the time peak production on anti-freeze alcohol 
was beginning. It was necessary therefore that this 
work be carried forward with a minimum of interference 
to plant operations. It was decided to recondition the 
old boilers at the Chemical Plant and use them during the 
construction of the new high pressure plant and later as 
stand-bys. In making room for the new boilers at the 
Alcohol Plant, it was necessary to dismantle six boilers, 
half of their capacity. To supply the steam required at 
the Chemical Plant, a twelve-inch steam line was run 
between the two boiler plants. 


Fourteen-inch High Pressure Line Down Lead from 
Boilers—Eight-Inch Tee to Reducing Valve 


This steam line, while nothing extraordinary in di- 
ameter or length for a welded pipe lime is something of 
record in many other respects. It consists of 8400 feet 
of 12%/;-in. O.D. */s-in. wall lap welded Bethlehem Steel 
pipe. More than 2000 feet of this pipe was erected and 
welded in steel structures 30 to 60 feet in the air. The 
line traverses filled marshes, crosses state highways, city 
streets and a large railroad freight yard. Where the line 
ran near the ground it was supported by pipe hangers on 
wood piles driven in the ground. The problem of drain- 
age on this line was complicated by the fact that for the 
first several months of its operation the line would carry 
steam in one direction and later in the opposite direc- 
tion. This same condition would exist if it were neces- 
sary to shut down the high pressure boilers at the 
Alcohol Plant and use the standby capacity at the 
Chemical Plant. 

Work started on this line around the first of October 
and steam was in the line about the middle of Novem- 
ber—a period of about six weeks. Welding on this line 
was accomplished by the Gas Welding Process and the 
backhand technique. The specifications for welding, 
testing and welding operator qualification were written 
by the Applied Engineering Department of the Air Reduc- 
tion Sales Company. Each welding operator employed on 


Fourteen-inch by Fourteen-Inch by Ten-Inch 
Medium Pressure Tee 


this line was required to make a position weld on 12*/, in. 
O.D. */s-in. wall pipe. From this sample, eight test 
coupons were removed; two coupons from the top, four 
from the sides, and two from the bottom. Two of these 
coupons were tested in tension, two by the free bend 
method, two by the reverse bend method and two were 
given the nick break test. A total of four operators 
were tested and qualified for this work. Two of these 
operators worked for but a few weeks in the early stages; 
most of the welding was accomplished with two oper- 
ators. Daily weld production averaged 10 to 12 per 8- 
hour day where the line runs near the ground. A few 
“high days’’ showed 15 and 16 welds. In the structure, 
production fell to 7-10 welds per day due principally to 
extreme cold weather and high winds. The difficulty of 


uM 


: 
q COWER PLANT 
a 
= 
a 
‘a 
. 
tee 
| 
§ 


4 THE WELDING JOURNAL March 


working in the steel work probably contributed to the 
lowered production. These figures included the so- 
called rolling and position welds and further each oper- 
ator lined up and tacked his own joints. 

Before “‘tying-in” the line was blown down several 
times with live steam to remove scale, dirt and foreign 
substances. In performing this operation on one sec- 
tion, the steam was fed too fast with the result that the 
water pocketed momentarily subjecting the line to severe 
shocks. The action was very close to that of a ‘‘water 
hammer’’ but fortunately did not reach that magnitude. 
The line could be distinctly seen to whip and sway. At 
one of the vertical expansion loops the pipe was lifted off 
the roller supports and crashed down again with sufficient 
force to shear off a 2-in. shaft on the cast steel roller and 
crack the base. Through all this, no failures developed 
in the pipe or welds. When the line was completed it 
was subjected to a test at full steam pressure. The idea 
of hydrostatically testing the line was abandoned due to 
the cost of filling a pipe of this size and length with water 
and also because of the extremely cold weather. The 
finished line containing 496 12-in. line welds, 16 6-in. 
tee or nozzle welds, besides numerous smaller welds, 
did not develop any leaks or failures under full steam 
pressure test. After a year in service, this line is giving 
thoroughly satisfactory service. 

The line is covered with 3 in. of Philip Carey 85 per 
cent magnesia insulation and joints cemented with as- 
bestos cement. The outside weather protection consists 
of heavy tarred building paper with 4-in. lapped joints 


Looking up at Ceiling Ten-Inch Line with Six-inch Tee 


Fourteen-Inch High Pressure Line with Eight-inch Tee for Future Turbine 


A Cantilever-Type Truss for Horizontal Expansion L Which Is Carried 
the Overhead Steel Structure. Loop Is Made up of Welding Elbows ray 
ght Lengths of Pipe 


carefully cemented in place and in addition held with 
copper wire banding every 4 in. 

The erection and welding of this line was done by the 
National Valve and Manufacturing Co. of Pittsburgh, 
Pa. Credit is due this organization for the manner in 
which they completed this job. 

With this line completed, tying-in the Chemical and 
Alcohol power plants, work was started on demolishing 
six of the old boilers at the latter plant. In their place 
were erected two 1007-horsepower Combustion Engineer- 


Front Piping Medium Pressure from Turbine. Rear High Pressure to Turbine 


Cutting end Beveling « “Dutchman” 
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ing Company’s pin tube water wall, bent tube boilers 
equipped for either powdered coal or oil firing. 

The power and other piping for this installation were 
designed in accordance with the American Standards 
Association, Code for Pressure Piping, the American 
Tentative Standard of which has just been published. 
Since this code was not generally available the specifica- 
tions for this work were necessarily very detailed. The 
welding specifications for this piping were again written 
by the Applied Engineering Department of the Air 
Reduction Sales Company and followed closely the above 
Code. One deviation merits mention here and involved 
the substitution of one test weld for the two required in 
the Code. Since 14-in. O.D. Grade A seamless tubing 
1/,.-in. wall thickness was the largest size to be used and 
further, since much of this pipe would be position welded, 
it was decided to make the qualification test weld a 
horizontal position pipe weld on this large size. A 
total of five welding operators were qualified on this test. 

Multipass gas welding was employed on all the high 
pressure piping while single pass welding was used on the 
medium pressure piping. The use of Multipass welding 
on heavy wall pipe insures better quality welding. All 
welds in the high pressure piping four inches in diameter 
and larger were stress relieved by heating to 1450° F. 
and holding at this temperature in the ratio of 1 hour 
per inch of thickness. 

The fact that as much of the old equipment as possible 
was required to be kept in operation, to take care of the 
peak production, necessitated the removal of the old 
equipment and installation of the new together with the 
necessary building alterations in several steps. 

The new boilers were installed in one end of the old 
boiler house. The old steam main ran the full length of 
the boiler house with connections to the plant at both 
ends. It was necessary to keep this main in service until 
the new pipe lines had been installed and while altera- 
tions to the building and steel work were being made. 
In some cases the supporting steel was removed and tem- 
porary supports installed. Any disturbance of the line 
resulted in leaks at the joints showing the weakness of 
flanged connections and the wisdom of using welded con- 
nections whenever possible in the new installation. 

The overlapping work such as removal of old equip- 
ment, making the necessary building alterations and 
keeping the plant in operation resulted in considerable 
congestion and in order to expedite the piping work as 
much as possible, most of the piping was fabricated in- 
cluding the welding of ells, tees and nozzles to the pipe, 
at the piping fabricator’s plant. 

Much of this piping was fabricated into convenient 
shipping lengths at the piping fabricator’s plant. All 
welds in such prefabricated piping were stress relieved at 
the shop. As a consequence of this procedure, prac- 
tically all field welds were position (both horizontal 
and vertical) welds and naturally progress was slow. 
All field welds in high pressure piping were stress relieved 
with portable furnaces using liquefied petroleum fuel gas 
and compressed air. This method proved very satis- 
factory for this work. 

The entire power piping system was tested hydro- 
statically, the specifications calling for 1'/2 times normal 
Working pressure. The high pressure piping was tested 
at about 1075 Ib. which was about 100 Ib. per sq. in. 
above the required test pressure of 975 Ib. (11/2 times 650 


= per sq. in.). Under this pressure, each weld was 
owen hard with a 5-pound hammer and no leaks 


ailures were discovered. The medium pressure pip- 
ing Was tested at 225 Ib. per sq. in. (1'/ times 150 Ib. per 
‘q. In.) and no leaks or failures discovered. The fact 
that under test and during four and one-half months of 
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operation no leaks or failures have developed, speaks 
well for the welding done here. 

One of the objections usually raised to the use of 
welded joints in piping systems is the fact that altera- 
tions cannot be made without cutting the pipe. I do 
not feel that this is a serious objection as any large indus- 
trial plant should have a competent welder available and 
alterations can be made much quicker by the use of 
welded joints and welding fittings, particularly in the 
larger sizes where the pipe must be prefabricated, if 
joints are used. Even a slight error in measurements 
with prefabricated flanged pipe will lead to difficulty in 
making the change whereas if welded joints are used, the 
pipe can be cut on the job. 

The use of welded joints lends itself more readily to 
the proper supporting and anchoring of the pipe as when 
all welds are made the system is one continuous structure 
without any weak spots, and much lighter in weight 
whereas every flanged joint is a weak spot in the piping 
structure when considered from the standpoint of supports 
and anchorage. 

Expansion can be more easily taken care of by the use 
of bends made up of welding ells and straight pipe than 
with the conventional expansion bend. 

Now that the complete system is in operation the plant 
engineers are well pleased with the performance and 
operation. The actual condensation losses of the out- 
door steam line have been quite close to the theoretical 
losses which we calculated when the line was planned. 
Everyone concerned in the construction of this system is 
thoroughly convinced that welding is by far the most 
desirable method of joining pipe for steam and other 
services. In fact, I would hardly care to think of this 
type of system installed with the old type flanged and 
screw joints. 

The design, supervision and inspection of the project 
was carried on by our organization, Thos. E. Murray, 
Inc. The qualification of welding operators and the 
inspection of welds was done by the Applied Engineering 
Department of the Air Reduction Sales Company. 


Opening for 
Session on Piping and 


Pressure Vessels. 
By D. S. JACOBUS+ 


HE subjects to be covered in the papers to be pre- 
sented are of great importance to the welding in- 
dustry. The use of fusion welded pressure vessels 

has grown apace during the last five or ten years. It 
took a long time for fusion welding to come into its own, 
or, perhaps, it would be best to say, to reach its present 
state of development. We have now reached a point 
where practically all boilers built for central power plant 
service have fusion welded steam and water drums and 
where the same applies to pressure vessels of all sorts and 
descriptions. The practice of welding steam piping is 
not as general as it is bound to be in the future. The 
coming steam power plant will, beyond a doubt, be one in 
which all the piping is welded except at joints provided 
for detaching certain parts, such joints being limited to 
the smallest number that can conveniently be used; in 
many cases detachable joints will be abandoned where 


* Meeting of International Acetylene Association, Cleveland, Ohio, Novem- 
ber 14, 1935. 

¢t Advisory Engineer, The Babcock & Wilcox Company, and Past-Presi- 
dent, AMERICAN WELDING SOCIETY 
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it is feasible to cut the piping apart when necessary and 
reconnect it by welding. 

Some have asked why we are not making more rapid 
progress in reaching the final goal. As I see it, we are 
progressing as rapidly as is consistent with the best in- 
terests of our profession. There are still unsolved prob- 
lems such as the effect of the stresses due to the welding. 
In the case of unfired pressure vessels and boiler drums, 
the residual stresses can be removed by stress-relieving 
in a heating furnace to a point where they will not give 
trouble in service. Stress-relieving by placing the com- 
plete structure in a furnace cannot be done in the case of 
piping except for individual disassembled sections, nor 


March 


can it be done in many other constructions, and the 
method of handling residual strains produced by weld. 
ing is one on which many are working and on which 
there are wide differences of opinion. There are many 
other problems involved, such as in welding alloy steejs 
and non-ferrous materials. By all of us working to. 
gether along conservative lines we can hasten what we are 
sure will be the final outcome. We should not, however, 
allow our success to blind us to the necessity of proceed- 
ing along the sound and careful lines that have charac. 
terized our advance in the past, bearing in mind that we 
are dealing with structures where a failure may mean dis- 
aster and where it is much better to be safe than sorry. 


Welded Piping and Pressure Vessels 
in the Marine Field 


By JAMES W. WILSONt 


the marine field is ever increasing, the highest 

pressures on American vessels now in operation 
being 450 Ib. per sq. in., the total temperature ranging 
from 700 to 750° F. Recently, designs were approved 
for an installation operating at 550 lb. W.S. P. anda 
total temperature of 800° F. One of our leading ship- 
yards is now working on designs for a ship which is in- 
tended to operate at 1200 Ib. W. S. P. and a total tempera- 
ture of 850° F., hence the necessity for improved methods 
of fabrication in which fusion welding seems destined 
to displace existing methods of construction. 

Welded boilers and pressure vessels have been ap- 
proved by the Bureau of Navigation and Steamboat 
Inspection for the past year, several boiler installations 
have been made and are operating successfully. No 
difficulty has been experienced in their manufacture or 
operation, and no work has had to be rejected. More- 
over, a number of welded unfired pressure vessels, such 
as fuel oil and feed water heaters, evaporators, separa- 
tors, etc., have been installed, and it is gratifying to 
note that, as in the case of the boiler, no difficulty or 
defects have been detected. The record to date reflects 
great credit upon the manufacturers of such equipment 
for their cooperation in endeavoring to furnish depend- 
able products. From my experience, I have no hesita- 
tion in saying that the shipowners and shipbuilders who 
have pioneered in the introduction of welded equipment 
in the marine field are very enthusiastic about its per- 
formance under service conditions, and in my contact 
with them I am advised that when new equipment is 
ordered, welded construction will be specified. All of 
the boilers and pressure vessels referred to were con- 
structed in accordance with the requirements of the 
Welding Code of the Bureau which was developed by a 
sub-committee of the Committee on Welding in Marine 


Tu trend to higher pressures and temperatures in 


* Read at the 36th Annual Convention, International Acetylene Associa- 
tion, Cleveland, November 12, 13, 14 and 15, 1935. 

t Engineer, Bureau of Navigation and Steamboat Inspection, Department 
of Commerce, Washington, D. C. 


Construction of the AMERICAN WELDING Society. At 
the present time there is an insistent demand and urgent 
need for extending this Boiler Code to include high pres- 
sure piping, that is, piping subject to boiler pressures and 
temperatures. The Code as it now stands permits welded 
piping for 100 Ib. per sq. in. only. The successful use of 
welded boilers and pressure vessels, together with the 
fact that experimental work has been done along these 
lines, seems to justify the development of a code for the 
welding of high pressure piping in position on shipboard. 
The Committee on Welding in Marine Construction is 
at present giving this matter careful thought and study, 
and in the near future meetings are to be held to attempt 
to get together on a safe and dependable code. It is 
perhaps the most difficult problem which this Committee 
has had to solve as yet, and upon the success or failure 
of such a code will depend to a great extent the future 0! 
the art of fusion welding in the marine field. 

It is a fact that many large power stations ashore are 
operating successfully with welded piping on heavy pres- 
sure lines, but one point that cannot be ignored is that 
marine piping is subjected to a harder usage than 1s 
piping in stationary plants. All marine engineers will 
agree on this point, for not only are there the usual 
stresses of pressure, temperature, expansion and con- 
traction and vibration to contend with, but also the 
indeterminate stresses placed upon the piping due to the 
pitching and rolling of a vessel in a seaway, which impose 
severe twisting, buckling, bending and pulling stresses, 
or to the impact resulting from a grounding of a vessel. 
Therefore, the subject is one that must be approached 
with extreme caution. Another difficulty to be dealt 
with is the fact that two of the major safeguards of fusion 
welding have to be sacrificed in its application to pipimé, 
namely, the X-raying of the welded joints to determume 
their soundness, and the stress-relief of the piping under 
ideal conditions in an annealing oven. ; 

The only precedents covering the use of welded marine 
piping of which I have any knowledge are the piping 
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the steamship Dixie and on certain liners built for the 
Grace Line. Let us consider the case of the Dixie first. 
On October 21st I made a survey of this vessel, which 
recently grounded in a hurricane on French Reef in the 
Florida Straits, and found that, although this vessel has 
been in continuous service for a period of 10 years and 
the stresses placed upon the piping while the vessel was 
being pounded on the reef were terrific, nevertheless the 
piping remained intact; not a weld cracked, nor were 
there any signs of leakage or distress of the joints. 

It may be well to describe briefly the type of joint used 
on the Dixie. It is a combination screwed thread and 
welded joint, the end of the pipe being screwed into the 
flange and the lip of the flange being welded to the wall 
of the pipe. The welding was done by the gas process 
and was supervised by the experts of one of the large 
acetylene welding companies. 

The piping on the Grace Line ships previously referred 
to comprised the astern inlet pipes to the turbines only. 
These pipes were welded by the butt-weld method, some 
by the gas welding process and others by the electric-arc 
process. The welding was performed in the shop in 
accordance with the A. S. M. E. code requirements for 
Class 1 welding, it being possible in this case to X-ray 
the welds. This piping has been in service for about four 
years without trouble of any kind. 

It is my thought that, in developing such a piping 
code, drastic qualifying tests should be prescribed for 
the welding operators; that special attention should be 
given to the selection of welding rods and that only the 
best quality of high test welding rods should be permitted. 
It might be necessary for the Bureau to establish an 
improved list of welding processes and procedures to 
insure safe welds. It should be the aim of the Committee 
to endeavor to secure welded joints which would have as 
nearly as possible the physical characteristics of the 
base metal. The test specimens should be welded in 
position without turning the pipe, welds being made 
vertically and horizontally. The tension test specimen 
should be tested in the full section of the pipe, particular 
attention being given to securing complete penetration. 
It would be most desirable if some reasonable means 
could be devised as a substitute for the X-rays to deter- 
mine the soundness of the joints. It is my belief that all 
of these features will be carefully considered by the 
Committee and that from the study and research that 
has been made it will be possible to develop a safe and 
dependable code for the welding of high pressure piping. 


Discussion by C. W. Bryant 


Mr. James W. Wilson has outlined clearly the prob- 
lems connected with the use of welded piping for high 
pressure marine service and has indicated the Bureau 
of Navigation and Steamboat Inspection’s intention to 
develop rules for its acceptance. 

Designers of ship propelling machinery have long been 
cognizant of the operating economies available to the 
shipowner by use of high pressure steam. As adequate 
materials have become commercially available, pressures 
mo temperatures have risen and gratifying results have 


t Assistant to President, Federal Shipbuilding and Dry Dock Company, 


of American Society Committee on Welding in Marine 
onstruction 


is now under consideration with a piping system intended 
to operate at 1200 pounds pressure and at a temperature 
of 950° F. The piping in such installation will require a 
joint superior in tightness to any form of bolted flange 
connection. It is now possible to provide a welded pipe 
joint which will fulfill the necessary requirements and 
will minimize the hazards of the installations. 

Marine designers and shipbuilders advocating the 
use of welded piping are thus faced with the problem 
of proving its ability to withstand the stresses and 
strains outlined in Mr. Wilson’s paper. The problem 
reduces itself to a study of the following: 


1—The determination of the forces acting on the pipe 
and joints in marine installations in order to estab- 
lish the basic conditions of their design. 

2—The development of standard designs of welded 
joints to satisfy the basic design requirements. 

3—The selection of a proper welding technique and 
the qualification of welding operators capable of 
executing it. 

4—The testing of the completed structure to insure 
that it has met with design requirements. 


The AMERICAN WELDING Society’s Committee on 
Welding in Marine Construction has given careful con- 
sideration to the foregoing requirements and has avail- 
able the assistance of the technical experts of shipbuilding 
and other organizations engaged in the manufacture of 
high pressure steam equipment. It is proposed to evolve 
rules that will assist the Bureau to find an assured method 
of securing safety in high pressure installations and thus 
make available to the American Merchant Marine the 
economies already proved. 

It is quite probable that the first of these marine 
installations for over 1000 pounds pressure will require 
some destructive testing of the finished joints which 
will not be necessary when more experience has been 
gained in this work. 


Discussion by J. H. Kingt 


Mr. James W. Wilson’s paper on ‘“Welded Piping and 
Pressure Vessels in the Marine Field’”’ is very timely and 
of considerable interest. The increasing use of higher 
pressures and temperatures in marine work clearly indi- 
cates that further progress is needed in connection with 
the welding of piping and that a satisfactory code for 
such welding should be adopted. 

Mr. Wilson suggests methods for developing a code 
which we believe to be thoroughly sound. While progress 
is needed, it should be made only after careful and 
thorough investigation into the numerous complex prob- 
lems involved. The old adage that “haste makes 
waste”’ is quite true in work of this kind. Until more 
experience with welded piping is available it would seem 
best to adopt a very conservative and ultra safe policy 
in order that the whole art may not be condemned by 
failures. 

Mr. Wilson’s remarks are very pertinent to this dis- 
cussion and the suggestions in his paper should be given 
the careful attention that they merit. 


t Manager, Marine Dept., The Babcock & Wilcox Co. 
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Shot-Welded Stainless Steel, Fabric Covered Control Shot-Welded Corrugated and Flat Stainless Steel Con- 
Surfaces ( trol Surface (Flap) 


Ailerons) 


Shot-Welded Corrugated Stainless Steel Monocoque 
Construction Control Surface (Aileron) 


March 


Interior View of Shot-Welded Stainless Stee! H i 
or View ee! Hull Skin 


Stainless Steel Flanged Fins, Seamweided to Seamed Shot-Welded Stainless Steel Hull Construction before 
Stainless Steel Tube Forming Air Heater 


Application of Skin 


Welding in Aviation 


By CARL DE GANAHL? 


AM highly honored in being asked to talk to you to- 
night on ‘Welding in Aviation.’”” However, I am 
hardly qualified to talk on so general a subject since 
my experience has been limited principally to one branch, 
* that of electric resistance welding of stainless steel. I 
shall, therefore, have to draw on information obtained 
from other sources and among others I am indebted to 
Mr. Knerr of Metlab, Philadelphia, for considerable 
information. 

Oxyacetylene torch welding in aircraft first came into 
general use during the War on built-up fittings of low 
carbon and alloy steels. The advantages of the process 
were immediately apparent. The investment in equip- 
ment was small, the flexibility in making complicated 
fittings was particularly convenient, and, as a result, the 
application of the process rapidly increased. With more 
general use of the process there developed the necessity 
for higher strength alloys, which at the same time had 
to have satisfactory welding characteristics. The steel 
that seems to have survived the test of time is chrome- 
molybdenum steel, containing 1% chromium and '/,% 
molybdenum. It is readily welded and with proper 
technique is reliable. It has the advantage of a tensile 
strength of about ninety thousand pounds per square 
inch in normalized condition and as-welded, and is 
regularly heat treated to as high as 200,000 pounds per 
square inch on landing gears and similar parts. In wing 
beams and other parts, subject to vibration, the maxi- 
mum is from 160,000 to 180,000 pounds per square inch. 
This is due to its higher elongation at the lower strengths 


* Presented at the December 17, 1935, meeting, New York Section, A. W.S. 
t President, Fleetwings, Incorporated. 


and to the fact that above these figures the fatigue values 
do not increase proportionately. 

The great majority of landing gears today are built o! 
torch-welded chrome moly. tubing heat treated, and for 
a number of years it was almost standard for fuselage 
construction. Similar wing spars have also been used 
with considerable success. The last two have only re- 
cently given way to monocoque stressed skin construc- 
tion, where the torch is not so convenient. Torch welded 
chrome moly., however, will have its place in aircraft 
construction for many years to come. 

Torch welding of aluminum and some aluminum alloys 
has also been accomplished successfully. It has, however, 
been fairly limited to gasoline, oil and water tank cot- 
struction. 

Electric are welding of alloy steels has been tried witl 
some degree of success but has not come into general use 
because of the increased time necessary to train personnel 
difficulty of control when welding very thin sections, 
and probably as much as anything, due to the presence 
of an already satisfactory and easier process, that of 
oxyacetylene torch, as already discussed. 

Electric resistance welding of chrome molybdenum 
was tried but without success. The difficulty was that 
the almost instantaneous cooling following fusion tet 
perature caused a brittleness of the spots which required 
subsequent heat treatment before sufficient ductility 
could be obtained. It was then found on complica 
structures that a considerable portion of the spot welds 
were lost during the best heat treatment before normaliz 
tion. Our conclusion, therefore, was that spot = 
on chrome moly. were too brittle to be of use withou 
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subsequent heat treatment, and that too serious a loss, 
due to breakage of spot welds, occurred during heat 
treatment. The process was therefore abandoned. 
Chrome moly. steel, unfortunately, is not corrosion 
proof. Corrosion has always been a nightmare to air- 
craft operators because structures are of necessity so light 
that they have only the minimum margins of strength 
and, therefore, comparatively thin metal is the rule. 
Corrosion, therefore, impairs the strength below the 
limits of safety much more rapidly than on normal 
structures where the metal sections are so much thicker. 
Corrosion protection, therefore, is a serious consideration. 
The method at present in use for protecting chrome moly. 
parts is generally that of sand blasts, cadmium plating 
and then painting. The inside of closed tubing, however, 
offers a more difficult problem and the method in com- 
mon use is to pump hot boiled linseed oil or the equivalent 
into the tubes through eighth-inch holes at each end. 
After draining the holes are closed by small drive screws. 
Fair protection has been obtained for ordinary use, but 
it is not adequate against salt air or salt water exposure. 


WA 


Seamwelded Stainless Stee! Tank 


Stainless steel offered an excellent solution to the prob- 
lem but when it first became available did not prove so 
attractive to aircraft manufacturers because of its low 
yield point, around 35,000 to 40,000 pounds per square 
inch in annealed state, with an ultimate tensile strength 
of 80,000 to 90,000 pounds. It was, however, tried in 
places where high strength was not required and corrosion 
resistance was of importance, such as exhaust manifolds. 
These were torch welded. The results at first were not 
Satisfactory because the torch welding raised the tem- 
peratures of the stainless through the critical range where 
carbide deposition occurred, and intergranular corrosion 
and consequent failure resulted. 
amt however, hard rolled high tensile material be- 
yale: its high physical characteristics imme- 
our attention. Material can now be 
wake with tensile strength of 185,000 pounds per 
square a yield points above 150,000 pounds per 
on inch and elongation of 15 to 25%. At last, here 

* @ material with high physical characteristics, with 
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excellent resistance to corrosion. How would it weld, 
however? 

Unlike chrome moly., sudden chilling from a high 
temperature anneals the material and shot-welding 
proved an excellent method of fabrication. Ductile spots 
can be reliably obtained from 80 pounds to 15,000 
pounds per spot depending on the thickness of material 
used. We have continued the development of this art 
and in the course of time have built welding machines of 
an entirely automatic character, some of them capable 
of delivering 960 shots per minute. We are at present 
fabricating many aircraft parts of high tensile stainless 
shot-welded. 

In the meantime, however, the steel companies have 
gone to work on remedying the difficulties encountered 
in torch welding. It appears that the intergranular 
corrosion and failure caused by torch welding was due 
to deposition of chromium carbide within certain tem- 
perature ranges, along the crystal faces, leaving the crys- 
tal faces poor in chromium, which rendered the material 
subject to corrosion along these paths. By the addition 
of titanium or columbium to the steel the carbon is 
taken up as titanium or columbium carbide preventing 
interference with the chromium, and 18-8 steels are now 
available containing one or the other of these two ele- 
ments which can be subjected to any range of tempera- 
ture up to 1600 or 1700° F. without any loss in corrosion 
resistance. 

Torch welding the titanium bearing steels offers one 
difficulty due to the fact that the action of the torch tends 
to burn up the titanium and its absence is noticeable 
in the weld metal. Columbium strangely does not have 
this characteristic and satisfactory results are obtained 
if either titanium or columbium bearing stainless steels 
are welded with columbium bearing rods. Exhaust mani- 
folds of 18-8 stainless steel containing titanium or colum- 
bium are now almost standard with the Navy and the 
Army Air Corps. 

As mentioned before, we are fabricating many aircraft 
parts of high tensile 18-8 stainless by shot-welding meth- 
ods. These are corrosion resistant and eminently satis- 
factory. There are, however, a great many places where 
torch welding on the high tensile material would be a tre- 
mendous convenience and facilitate fabrication materi- 
ally. It is hoped, therefore, that the steel companies will 
now make high tensile stainless steels available for us 
that contain titanium or columbium. 

Looking into the future application of stainless steel 
in the aircraft industry it is necessary to answer one 
particular question ‘‘How does its weight strength ratio 
compare with the materials at present fashionable ?’’ 

So far our data indicate that we can build parts in 
stainless as light and frequently lighter than in other ma- 
terials. The larger the parts called for and the higher 
the stresses the more advantageous the use of steel. 
The reason for this is that in small parts it is necessary 
to use minimum gages, where sometimes even then the 
strength is above that required, and the parts are inclined 
to be fragile. Where high stresses are the rule, thicker 
gages can be used and full advantage of the high phys- 
icals can be taken. The larger the airplane, therefore, 
the more suitable the use of stainless becomes. Stainless 
steel is therefore well suited to the building of large 
aircraft, where its resistance to corrosion and high 
permanent physicals give it a distinct advantage. 

In large aircraft the investment sometimes reaches 
$1,000,000 and more and obsolesence in three to five 
years, which is the rule at present, is intolerable. With 
the necessity for increased useful life, corrosion resistance 
becomes of increasing importance both from the point 
of view of maintenance and long life. 
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Fig. 1—Boom in Early Stages of Construction 


Fig. 3—Lower End of Boom 


Arc Welding Used in 


Dredge Reconstruction 
By A. G. BISSELLi 


NDER the direction of Mr. H. W. McCurdy, Presi- 
U dent, the Puget Sound Bridge & Dredging Co. re- 
cently rebuilt the dipper dredge Evereit, install- 
ing new steel spud casings and ‘‘A’’ frame pedestals, 
“A” frame, boom, bull wheel, kick-backs, dipper and 
handle and much other apparatus. In all of this work 
arc welding was extensively used in the fabrication of the 
steel parts. 

The largest single section to be fabricated by arc weld- 
ing is the boom. This boom, 48 feet in length and 4!/, 
feet in depth, is composed of two fabricated plate girders. 
These girders in an early stage of their construction are 
shown in Fig. 1. Here are shown the */s-inch plate 
webs and the | in. x 8 in. flanges as assembled before the 
1 in. x 3 in. stiffeners were added. The upper end of the 
boom, the gear and dipper handle are shown in Fig. 2. 
The lower end and its connection to the bull wheel are 
shown in Fig. 3. In both of these views the simplicity 
of the boom construction is evident. The absence of 


+ Consulting Engineer, Arc Welding Engineering, AMERICAN WELDING 
Society. 
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Fig. 2—Upper End of Boom 


Fig. 4—Sheaves and Cable Connections 


angle connections is most noticeable. It is estimated 
that this boom is about 16% lighter than one of riveted 
construction. The boom tip, showing the sheaves and 
cable connections, are shown in Fig. 4. It can be seen 
that a portion of the girder web plate is extended through 
a slot in the top flange to form the connection lug. One 
and one-half-in. pads attached to each side of the lug 
give sufficient bearing for the connecting pin. Three- 
fourth-in. plates were added to each side of the extended 
web lug and a triangular plate on the outside to increase 
the lug’s rigidity. The lugs at the base of the boom are 
similarly reinforced. 


The bull wheel has a channel rim and H section spokes 
united with a plate center to form a one-piece unit. 

The “A” frame pedestals are an integral part of the 
spud casings. The ‘‘A’’ frame legs are constructed 0! 
two 15-in. 33.90-Ib. channels, a */s in. x 14 in. plate and 
*/, in. x 3 in. strap lacing. 

The dipper handle consists of two 10 in. x 16 in. ir 
timbers encased in */s-in. steel plates arc welded to form 
solid casings to which are bolted the cast steel racks. 

In the engine room of the dredge arc welding has been 
used in the construction of engine bases, brake gear, 
levers, sheave housings, etc. Two lattice girders 
tending across the barge and supporting the deck under 
the bull wheel were fabricated in place by are welding 
with a saving of material and construction time. Infact 
all new construction except a very few castings wa 
fabricated by the arc-welding process. 

The major parts were fabricated by the Wallace Bridge 
& Structural Steel Co. and The Isaacson Iron Works 0! 
Seattle, Washington. All design and erection work was 
done by the Puget Sound Bridge & Dredging Co. The 
author was the consulting welding engineer. 
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The Micro Testing Machine 
Chevenard 


P to recent times tension test of materials was per- 
U formed only on large, heavy, bulky testing ma- 

chines, necessitating the machining of heavy speci- 
mens. Under these conditions the systematic study of 
the metals and alloys was made at a very high cost. 

It was impossible to closely investigate a finished 
piece and to control at various spots its mechanical 
properties by means other than the hardness test, which 
apparently is unsatisfactory. 

The need was felt for an apparatus permitting the use 
of small specimens (a few millimeters), weighing frac- 
tions of grams, costing very little, and which could be 
easily taken off from the fabricated pieces without de- 
stroying them. 

The desired apparatus has recently been designed and 
built by Chevenard, for the use of research men. This 
testing machine intended to perform common mechanical 
tests on very small specimens, is of particular interest to 
welders because the deposited metal in fillet welds can 
hardly be used in the preparation of large specimens. 
For the study of welds, the micro testing machine fills a 
need. 

The micro testing machine has been designed to 
perform tensile, shear and bending tests. It photo- 
graphically records corresponding diagrams for these 
three tests, which means, respectively: strain-stress dia- 
gram in tension, strain-stress diagram in shear, stress- 
deflection diagram in bending. In order to understand 
the operation of the testing machine, a tension test is 
studied. 

The tension specimen has both ends threaded for 7 mm. 
or '/, inch in length, and is 1 to 1.5 mm. or !/3 to '/1 
inch in diameter. Both ends are screwed on small 
heads having a sphero-cylindrical shape. 

One end of the piece slides in a groove at the end of 
lever L and the other end into an identical groove in the 
cantilever plate R. The lever rotates around a per- 
pendicular axis to the plane of the figure, and moves in 
the direction of the arrow by means of a small electric 
motor. This motion stresses the specimen. Spring R, 
in Elinvar' and working at a low load, forms a faithful 
and accurate dynamometer. (Figs. 1 and 2.) 

_ The load-strain diagram is recorded on a photographic 
film by a ray of light. The vertical displacement is 
proportional to the displacement of the cantilever plate 

» that is, the load on the specimen. The horizontal 
displacement is proportional to the difference in dis- 
placements of lever L and the cantilever plate R, that is, 
the elongation of the specimen. This result is obtained 
by reflecting a fixed ray of light on a small mirror fixed 
on an optical tripod adjusted in the following manner: 
Ps 7 tripod is made of a plate of invar, supported by 

points in heat treated steel p:, po, ps, forming a 
rectangular triangle (Fig. 3). 


* This 


Nov ie was originally published in French in Soudeur Coupeur (10, 
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MICRO TESTING MACHINE 


Fig. 2—Horizontal Cross Section of the Seme Machine 


1—For p;, the end of a rod that freely slides hori- 
zontally through lever L, and is fixed on the cantilever 
plate RK, so that any movement of the plate F is detected. 

2—For po, the end of a second rod that is maintained 
in contact with lever L. 

3—For p;, a fixed point on the frame of the testing 
machine. 

At a definite moment of the test, the moving points 
occupy positions p, and f»:, the test continuing, they 
come at another instant to occupy positions p,’, and 
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Fig. 3—Micro Testing Machine. Layout for Tension Test 


p.’, the displacement p,p,’ being greater than the dis- 
placement 2p,’ (the difference being the elongation of 
the specimen). The change of position of the two points 
can be divided into two stages: 

Ist Stage.—p, changes position at first at the same rate 
as po, the line pip. therefore moves parallel to .ijtself. 
The tripod inclines and its inclination is the same as 
though it had turned around a fixed horizontal hinge 
Pipe, while the point p; would have moved in the opposite 
direction, by an equal displacement. In this manner, 
in the first stage, the ray reflected by the mirror moves 
in a vertical plane at an angle proportional to the dis- 
placement of ~: which corresponds to the displacement 
of the cantilever plate RX, in other words, the load on the 
specimen. 

2nd Stage.—p2 being maintained fixed, p, completes its 
displacement. The tripod then turns around the vertical 
hinge? pop; and the reflected ray moves in a plane per- 
pendicular to the hinge p2p;, in other words, in a hori- 
zontal plane. The angle covered horizontally by the 
ray of light is proportional to the displacement /,, 
and therefore to the elongation of the specimen. 

Figures 1 and 2 show the layout of the machine. 
Besides the mentioned parts, dynamometer D and brake 
F may be seen. 

This brake aims to oppose some resistance to the sud- 
den release of the spring after failure of the specimen, 
which may damage the apparatus. The dynamometer 
shows at any time during the test the load on the speci- 
men. 

For shear test (Fig. 5) a round bar specimen 1.5 mm. 
or '/, in. in diameter is used. This specimen is rigidly 
fixed in a vice carried by the cantilever plate RK. It is 
sheared by a knife C fixed at the end of lever L, and the 
edge of which moves very closely along the side of 
the vice. The coordinates of the registered curve are 


2? The displacements of f2 being always very small with respect to the dis- 
tance Pops, we can assume that the hinge Pz); stays vertical 


Fig. 4—Micro Testing Machine 


Fig. 5—Micro Testing Machine. 


Layout for Shear Test 


the shear deformation C of the specimen and the shearing 
load F. 

In the same manner, the diagram of the micro bending 
(Fig. 6) has for abscissa the deflection of the specimen 
Ec, cylindrical or prismatic in cross section, and for 
ordinate bending load F. 

The dimensions of the specimens are exceedingly small 
(7 mm. or !/, in. long and 1.5 mm. or '/, in. in diameter) 
This is an important factor in economy, especially in 
the study of the variation of mechanical properties o/ 
alloys with different chemical compositions. 

The smallness of the specimen easily allows the selec- 
tion of samples to be tested from the finished pieces, thus 
during machining small rejected pieces may be used to 
prepare micro specimens. 

Particularly in the case of welded joints samples at 
critical spots may be taken and the hole or groove can 
be plugged by welding. 

The micro shearing test is particularly important in 
the mechanical investigation of welded pieces. A small 
rod of metal is taken in a vertical direction to the line 
of weld. Later it is cut in short pieces by the machine, 
which records for every section the shearing force neces- 
sary to move the knife. The sections being less than 2 
mm. or '/i, in. apart, the micro testing machine can 
show in detail the variation of the mechanical properties 
according to a given direction in the inside of the weld. 
This micro testing machine has for some time been in 
operation at the “Office Central de 1’ Acetylene et de la 
Soudure Autogéne’”’ in Paris. 

The two figures, 7 and 8, are given as an example 
They illustrate the oxyacetylene welding of two plates 
10 mm. or about */s in. thick, in chromium-molybdenum 
alloy steel (0.15% C, 0.9% Cr, 0.2% Mo). The dia 
grams of shear (Fig. 7), and of tension (Fig. 8), show m 
the heating zone a self-hardening with increase in the 
elastic limit and ultimate strength. | 

In the molten zone there is a hyper-quenching dis 


Fig. 6—Micro Testing Machine. Layout for Bending Test 
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tinguished by a fall of the same characteristics. There is 
also a decrease in elongation, the structure of the molten 
metal being less regular than that of the forged metal. 
Outside of the heated zone, a decrease of the mechanical 
resistance and an increase in the elongation prove the 
effects of heat treatment. 


56 890 


so mm 
in. 
Fig. 7—Micro Shear Investigation of a Gas Weld on Cr-Mo Alloy Steel 


Thickness of plate °/s inch. 

Re indicates ultimate strength in shear. 
Ac indicates elongation in per cent. 

Ec indicates elastic limit for shear. 
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In the case of non-ductile metals, cast iron, brazing, 
etc., the micro bending test can replace the micro tension 
test. 


An adequate use of the micro testing machine can give 
valuable information for the improvement of welded 
joints. 
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Fig. 8—Micro Tensile Investigation of a Gas Weld on Cr-Mo Alloy Steel 
hickness of plate 3/s inch. 
Re indicates ultimate strength in sheer. 
Ac indicates elongation in per cent. 
Ec indicetes elastic limit for sheer. 


Progress in Welding during the First Six 
Months of 1935 


By W. LOHMANN AND W. SCHNEIDER 


1. Effect of Material 

Tests are reported by K. L. Zeyen (Autogene Metall- 
bearbeitung 28, 161-169 (1935)) on Overlay-Welding 
(building up surfaces) using overlay (surfacing) welding 
wires for gas and are welding standardized by DIN 
1913. Surfaces of one or more layers were made using 
‘t 37.11 in thicknesses of 3, 6, 15 and 25mm. The tests 
with different types of flame and varying current density 
are notable. In gas overlay welding an incomparably 
higher strength is obtained with a reducing flame than 
with a neutral or oxidizing flame. Plate thickness has 
only a small effect in gas welding; the greater the plate 
thickness, the lower is the hardness. The above effect 
of the reducing flame applies only to pure carbon steel 
ne ‘The type of flame had little effect on alloyed 
‘uriaces, Opposite to the effect in gas welding, the hard- 
ness increased in arc welding; the increase was most 
Pronounced at low currents and with carbon steel wires. 
increase with alloy wires was only slight 
re Plate thickness increased and the hardness decreased 
I slightly with increasing current strength. The 
1016 jorghmane and W. Schneider, Stahl und Eisen, $5 (37), 991-994 and 
rt was translated by Dr. G. E. Claussen, research assistant to the 


tribution of the earch Committee rhe translation is presented as a con- 
ommittee to the research workers and others interested. 


decisive factor is whether or not the first layer is allowed 
to cool before depositing the next. If the previous run 
is allowed to cool, then an increase in hardness is ob- 
tained in both gas and arc welding. As the number of 
layers welded on top of one another increased, the hard- 
ness also increased. 

Zeyen also investigated loss by burning with the stand- 
ard surfacing wire and with a manganese steel wire. De- 
carburization of the carbon steel wires averaged over 
50%; the loss is less in gas than in arc welding. In 
arc welding there is a difference between A.C. and D.C. 
welding. With alloy welding wires the carbon loss is 
generally much less and is in no case greater than 50°. 
There is practically no loss of chromium and tungsten in 
gas and arc welding. Only in arc welding was there a 
significant loss of carbon from the manganese steel wire, 
while the loss of manganese was relatively slight. The 
greater the number of layers in the overlay, the less is 
the loss by burning. In this effect probably lies the ex- 
planation of the increase in hardness as the number of 
layers increases. 

Reporting on the welding of steels of the type that are 
heat resistant and have good high-temperature strength, 
H. Schottky (Z. VDI, 79, 41-46 (1935)) states that these 
alloys cannot be forge welded on account of their chro- 
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mium, silicon and aluminum content but that butt resis- 
tance welding is generally applicable and is especially 
used for tubes. For thin sheet, spot welding is used; 
for thicker sheet and plate the carbon are and atomic 
hydrogen (Arcatom) processes are employed. Both of 
the latter processes are particularly suited to mechanical 
tube welding. While previously the same alloys were 
gas welded if one of the above processes were not used, 
these alloys are now being arc welded. This was made 
possible by the production of high-quality coated elec- 
trodes without which welding of alloys with high chro- 
mium, silicon and aluminum contents would not be 
practicable. In gas welding a neutral flame must always 
be used because excess oxygen slags a part of the alloy- 
ing elements and produces a weak weld, full of slag. On 
the other hand, excess acetylene causes carbon pick-up 
and, consequently, loss of corrosion resistance. Arc 
welding avoids these difficulties. Beyond a critical 
minimum thickness the arc cannot be used for fear of 
burning through the sheet. The advantage of arc 
welding lies in the fact that it produces welds with the 
same mechanical properties as the original material 
without the subsequent annealing treatment that gas 
welds usually require. So far as filler rods are concerned, 
the same composition can be used as the original material 
for low-alloy steels. For medium and high-alloy steels, 
on the other hand, it is usual to employ an austenitic 
chromium-nickel electrode which combines high tough- 
ness with good scaling resistance. These can be used 
only when it is not specified that the weld should have 
the same chemical composition as the original plate. 
Service tests have shown that no difficulties are con- 
nected with the use of such electrodes. 

T. Thielemann (Dr.-Ing.-Dissert. Techn. Hochschule 
Dresden, 1935) has investigated the weldability of white- 
heart and black-heart malleable cast iron both with arc 
and resistance methods. Coated electrodes were used 
consisting of a low carbon steel core and a carbonaceous 
coating designed to give a weld metal containing about 
3% carbon. Additions of silicon to the coating gave a 
weld containing about 0.9%. Welds made on both 
unannealed and annealed specimens showed that the 
white heart gave better and denser welds than the 
black heart. As the thickness of the casting was in- 
creased, the weldability slightly decreased. Subsequent 
heat treatment at 900° C. produced the same properties 
in weld as in original white-heart casting; machina- 
bility and toughness were also good in all cases. A half- 
hour anneal at 950° C., followed by a tempering treat- 
ment if necessary, is therefore recommended. With 
black-heart castings good properties were developed in 
the weld after a 2-hour anneal at 900° C., although 
macro-examination showed that this frequently caused 
blow-holes. In resistance welding the length of grip 
should not exceed a critical amount on account of tem- 
perature regulation. 

Thielemann chose a grip length of 4.6 and 2.3 times 
the diameter and a compression distance of between 2 
and 4mm. The heating of the specimen was especially 
important because particularly in black heart, the high 
carbon inner zone had a tendency to melt before the 
outer, which caused piping and similar phenomena. Air 
cooling produced an increase in strength and hardness 
that was not accompanied by a significant decrease in 
elongation, toughness or machinability. Subsequent 
tempering caused still further improvement in the butt- 
welded specimens. It was found that, although a 
single tempering subsequent to welding did not raise the 
properties to that of unwelded castings, a second temper- 
ing produced the same properties as the unwelded 
casting. The conclusion drawn from the author’s 
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investigation is that white-heart malleable cast iron pe. 
haves better than black-heart toward arc and resistance 
welding. 

Similar questions, especially those connected with 
filler rods for gas welding are dealt with by J. H. Crit. 
chett (Metal Progress, 27, 27-30 (1935)). 

(Note. This paragraph, since it summarized ay 
accessible publication, is not reproduced.) 

The next paper dealt with is by L. Ferguson (Ay 
WELDING Soc. JOURNAL, 14, 18 (1935)). 

2. Welding Methods 

A new method of producing welded tubes is the jp. 
duction method described by F. Owesny (Rohreind. 
28, 49-50 (1935)). The tube, in which a laminated iron 
core is inserted, acts as secondary. The original design 
of the yoke did not limit the heat effect to the zone near 
the weld but, on account of the eddy current produced 
when the edges of the tube came in contact, the whole 
tube was heated. Aside from lowering the efficiency 
considerably, this heating during butt welding was un- 
desirable. This disadvantage was diminished by ar. 
ranging the leg of the yoke over the tube thus forming 
a kind of single-phase core transformer. During welding 
the tube again acted as secondary winding. The breadth 
of the heated zone, which becomes pronounced as the 
wall thickness decreases, is the decisive factor for weld- 
ing velocity so that the more effectively the eddy cur- 
rents are suppressed the higher is the welding velocity. 
The advantage of this method is its simplicity, and is 
particularly adapted for plant operation. Contrasted 
to the usual electric tube welding machines which have 
an efficiency of 20 to 30%, the above machine has an 
efficiency of 65%. Furthermore, the machine can be 
used for the so-called ‘‘Burning-off’’ method in which 
the uneven ‘wire’ edges of the tube are burnt off by 
arc formation before welding; only another pair of 
pressure rolls is necessary. 

The next eight paragraphs deal with articles written 
in English: 

H. S. Clarke, Am. WELDING Soc. JourRNat, 13, 
(9), 21-22 (1934). 

C. J. Holslag, Am. WeLpiING Soc. JourNat, 13, 
(9), 28-29 (1934). 

W. M. Brady, Welding Engr., 20, (4), 22-23 (1935). 

H. A. Walker and D. S. Lloyd, Am. WELDING Soc. 
JouRNAL, 14, (1), 9-10 (1935). 

A. F. Davis, AM. WELDING Soc. JouRNAL, 14, (3), 
8-15 (1935). 

A. P. Frugell and D. H. Corey, AM. WELDING Soc. 
JouRNAL, 14, (3), 17-18 (1935). 

W. D. Halsey, Am. WeLpING Soc. Journat, 13, 
(9), 11-12 (1934). 

E. W. P. Smith, Am. WELDING Soc. JouRNAL, 14, 
(2), 21-24 (1935). 

The scatter of results in the bend test is caused not 
only by the quality of the weld, according to Arcs 
(Arcos, 12, (66), 1223-1226 (1935)), but is also m 
fluenced by the parent metal. It was shown that the 
higher the phosphorus and sulphur content of the pares! 
metal, the greater is the possibility of error. However, 
0.06% S may be present without noticeably changing the 
properties of the parent material in the vicinity of the 
weld. So close is the connection that the phosphorus 
content of a plate may be determined from the bend test 
of the weld made in it by an experienced welder. In this 
paper too much importance is placed on the injurious el 
fects of sulphur and phosphorus in steel because the 
correspondents have often observed that the phosphorus 
content is not injurious so long as it is not excessivel) 
large, and often even facilitates welding. 
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2. Properties of the Weld 

0. Mies (Warme, 57, 113-121 (1934) and 58, 97-101 
(1935)) has investigated the stresses in plates that have 
been gas- and arc-welded. Relatively large plates, about 
1500 x 600 mm.* were used for the investigation in order 
to approximate actual conditions in practice. The 
method used consisted of optically measuring the 
changes in location after welding and subsequently cut- 
ting the specimens, of reference lines drawn on the 
plates before welding. To locate the lines of principal 
stress, measurements of deformation were made at every 
point in three directions. The first experiments were 
made on plates 10 mm. thick without constraints at any 
point; gas welds were made in one run with 4 mm. rod; 
arc welds were made in three runs with 4 mm. bare 
electrode. The highest stresses occur in the tempered 
zone beyond the weld. The stresses increase greatly 
toward both ends of the seam and show pronounced 
peaks of stress at the ends of the seam. This is ascribed 
to the greater amounts of heat given to the plate at the 
beginning and at the end. The average value of welding 
stress calculated by Mies (20 kg./mm.’) is in good agree- 
ment with that found by other correspondents, which 
is of the same order of magnitude. Using this average 
value Mies concludes that stress peaks of 30 to 35 kg./ 
mm.” exist; that is, stresses above the yield point of the 
material. It was also found that the lines of principal 
stress are considerably curved. The stresses perpendicu- 
lar to the seam were much lower and were about 6 kg. / 
mm.? The welding stresses produced by are welding 
were of about the same order of magnitude but the stress 
measured perpendicular to the direction of welding was 
somewhat higher: 10 kg./mm.*. Stress peaks also were 
found at the beginning and end of the weld. Altogether 
these experiments show that welding stresses above the 
yield point are possible in plates of large section in the 
unconstrained state. 

Further tests were performed to determine the stresses 
in half-constrained plates using the method of C. H 
Jennings (AM. Soc. JourRNAL, 10, 27-30 
(1931)). The center portion of a plate 25 mm. thick 
was planed to 12 mm. thick and so divided in the middle 
that a crosspiece not cut away and 90 mm. broad by 25 
mm. thick remained at the margins and was considered 
as restraint. The crosspiece was separated by milled 
grooves over a total length of 1190 mm. from the plate 
to be welded so that only the outer ends of the plate 
were constrained over a length of 200 mm. The weld- 
ing and measurements were performed in the same way 
as described above. Using the average boundary stress 
(compression), which was 6.6 kg./mm.? at the beginning 
of the weld (the point where the weld was started) and 
¥.1 kg./mm.? at the end of the weld, Mies computed an 
average tensile stress in the longitudinal direction of 
id kg. mm.*; actual measurement gave a stress of 
6.15 kg. mm.*. This emphasizes the fact that the stress 
distribution in the direction perpendicular to the welded 
seam 1s completely non-uniform (non-symmetrical) and 
that the greatest tensile load occurs in the seam itself. 
The average stress in the seam was 12.1 kg./mm.? and 
was therefore somewhat higher than in the unrestrained 
plates (the plates that were free to move). In the direc- 
= s the seam itself the greatest tensile load was 17.7 
ak , a crage stress 16.2 kg./mm.’, a stress which is 
than that obtained by welding unre- 
naturall »P ates. The tensile stress in the seam itself 
a rd produces compression stresses in the plate 
the ae seam which decrease as the distance from 
is lea ta Increases. On the basis of these values Mies 
pre: 4 more favorable estimation of the arc welded 

ined plates. The same tests applied to gas weld- 
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ing were a failure because the boundaries buckled out- 
ward on cooling after welding, whence Mies calculated 
a boundary stress of 20.5 kg./mm.? on the basis of the 
bending. From this we may conclude that a much higher 
stress exists perpendicular to the direction of the welding, 
which, to be sure, cannot be calculated. The reason that 
failures in the form of stress cracks occur more frequently 
in practice in are welded, than in gas welded, restrained 
plates lies in the peculiarities of the two processes. 
While the whole cross section of the seam is filled up in 
one run in gas welding and the greatest stresses occur only 
after the welding is finished; in arc welding, on the other 
hand, the plate thickness is built up in several runs. 
The rapid conduction of heat away from the weld after 
each run gives rise to high stresses which naturally have 
greatest effect on the smallest cross section, that is, the 
whole deformation occurs in the joint, which in unfavor- 
able conditions is not in the run. If the welding process 
is adjusted in the light of these facts, failures are certain 
to be avoided. 

Hitherto there has been agreement as to the absolute 
magnitude of welding stresses only in a few of the known 
methods that have been used. In agreement with other 
investigations the maximum value determined by the 
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Fig. 2—Maximum Stress in the Longitudinal Direc- 
tion of Arc and Gas Welds as a Function of Plate 
Thickness (According to Bollenrath) 


extensometer method as well as by the drill-hole method 
was only just above the yield point of the material welded. 

In contrast with this, F. Bollenrath (Abhandlung 
Aerodynamische Inst. Techn. Hochsch. Aachen, 1934, 
No. 14; see also A. Mullenhoff, Elektroschweissung, 
6, 103-108 (1935); E. Siebel and M. Pfender, Arch. 
Eisenhuttenwes., 7,407-415 (1933-1934)) using the boring 
method of J. Mathar (Arch. Eisenhuttenwes., 6, 277-281 
(1932-1933); Werkstoffausschuss 202) came to funda- 
mentally different conclusions. Although generally in 
the above-mentioned methods it is assumed that the 
change in thickness of the plate, being only a slight source 
of error, may be neglected, Bollenrath measured defor- 
mations considering plate thickness as well. This method 
is fundamentally more accurate. Besides, in many 
methods the gage length, which is the basis of the 
measurement of elongation, must be fairly large in order 
to determine the elastic deformation with sufficient ac- 
curacy. This is a disadvantage because the stress is 
not measured at a single point but as an average value 
over a definite length. The method Bollenrath adopted 
showed that the maximum stress in the weld is largely 
dependent on plate thickness. Figure 2 shows the 
maximum stress in the seam direction using gas welding 
and also arc welding with coated electrodes. Bollen- 
rath also found that the stresses were higher the narrower 
the zone of heating during welding; that is, in other 


words, assuming uniform strength in the weld, the stresses 
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will be highest with bare electrodes. As the strength of 
the weld deposit increases, the welding stresses also in- 
crease. On the other hand, transverse stresses are extraor- 
dinarily small. Bollenrath states that the stresses are 
not materially decreased by peening; still he found a 
definite equalization of the stresses that had hitherto 
fluctuated exceedingly. This practice of forging is of 
advantage therefore only in so far as it improves the 
quality of the deposited metal. Tests on stress elimina- 
tion showed that external loading of the welded seam 
caused a decrease of stresses but existing stress peaks 
remained although their absolute magnitudes were 
lowered. The degree of stress elimination by external 
loading is greater in gas welding than in arc. Stress 
elimination was not obtained either in gas or in arc welds 
by applying elastic loads in the form of impulses. In 
agreement with O. Mies, Bollenrath also found that in 
plug welding lower shrinkage stresses were produced in 
the constrained condition than in the unconstrained. 
Bollenrath further found from his tests that it is ad- 
vantageous to have the same technological properties in 
the deposit as in the parent metal as far as possible, 
since then the least shrinkage stresses are produced in the 
joint. 

Using Bollenrath’s results, H. Buchholz (Autogene 
Metallbearbeitung, 28, 82-89 (1935)) dealt further with 
the question of stresses in welded joints. Using Bollen- 
rath’s conclusions as a basis, he assumes that elongation 
at yield point, elongation in the tension-impact test and 
notch impact value are of decisive importance in eliminat- 
ing shrinkage stresses and estimating the safety of struc- 
tures. G. Bierett (Autog. Metallbearb., 28, 122-123 
(1935)) argues against this, stating that experiments 
have shown that stress elimination by external loading 
occurs by means of plastic deformation. Bierett also 
rejects the relation between notch impact value and 
stress elimination since, up to the present, there have 
been no tests whatever to substantiate any influence in 
the direction and that Bollenrath’s results permit no 
conclusion of that sort to be drawn. Bierett also 
disagrees with the view that, in contrast to the shrinkage 
stresses computed by Bollenrath, constructional stresses 
are less dangerous, since, up to the present, proof to the 
contrary has been lacking and constructional stresses 
exert loads rather to be dealt with than the shrinkage 
stresses. 

A comparison of the stress determined by Bollenrath 
with those previously determined shows that Bollen- 
rath’s stresses are considerably higher and often amount 
to several times the stresses previously reported. Such 
high stresses cannot be explained by consideration of 
plate thickness alone. As basis for his work he used 
earlier tests on stresses in perforated rods. Even if this 
basis is not brought into question, the doubt remains as 
to how far these earlier tests may be applied to welds. 
In support of this doubt the following statement may be 
made. Bollenrath shows, for example, that welding 
stresses rise with decreasing width of heating zone, which 
means, assuming uniform strength in the weld, that 
welding stresses will be smaller with coated than with 
bare electrodes. However, it is well known in practice 
that cracks occur more often with coated than with bare 
electrodes. Bollenrath’s statement that peening de- 
creases the stresses only slightly is not in agreement with 
results of other tests. It is general knowledge moreover 
that cracks rarely occur in long seams in plate that is not 
too thick, whereas if the seam is repaired in spots, es- 
pecially in the way Bollenrath adopted, cracks frequently 
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occur. It is remarkable, too, that cracks very seldom 
originate from the high longitudinal stresses that Bollep. 
rath found, but generally originate through transversg 
stresses, which according to Bollenrath are smaller 
These facts considerably reduce the value of the absolute 
values of stress because the safety of a structure is ob. 
viously independent of them. 

L. Hunsicker (A utog. Metallbearb., 27, 361-364 (1934) 
solved the problem of avoiding warpage by welding on 
both sides with the same speed so that warping on one 
side cannot occur. This procedure is adaptable fo, 
fillet as well as butt welds. Hunsicker shows how to 
carry out the procedure on a number of dynamically 
loaded structures. 

H. Dustin (Arcos, 12, 1215-1221 (1935)) reported some 
notable fatigue tests on models. His tests were made 
on models to the scale of 1:2.5 of Vierendeel girders in 
the bridges at Schooten. These girders were tested in 
a horizontal Amsler Pulsator. In testing under static 
load it was found that the actual stresses were much 
higher than the computed maximum value. Theoret. 
cally, the boundary values in the vibration test of the 
roadway should vary between 2.4 kg./mm.* compres- 
sion and 7.5 kg./mm.? tension. To determine the factor 
of safety, fatigue tests were first made with a tensile 
load of 12 kg./mm.? for 2 million vibrations. No frac- 
ture occurred in the girder. Fracture occurred however 
at loads of 14 or 16 kg./mm.”; after about 1.6 million 
cycles at a load of 16 kg./mm.*. It is therefore believed 
that the fatigue limit of the girder lies slightly below this 
last-mentioned load. The factor of safety is therefore 
more than 1'/, from the ratio of calculated to actual 
fatigue strength. 

The next three paragraphs abstract papers published 
in AMERICAN WELDING SOCIETY JOURNAL: 

J. H. Zimmerman, AM. WELDING Soc. JOURNAL 13 
(9), 13-15 (1934). 

A. J. Moses, AM. WELDING Soc. JouRNAL, 14 (4) 
5-19 (1935). 

R. K. Hopkins, AM. WELDING Soc. JOURNAL, }4 
(3), 4-7 (1935). 

4. Service Results 

H. Frankenbusch (Autog. Metallbearb., 28, 97-13) 
(1935)) reports the use of gas welding in fabricating 
galvanizing kettles. This problem involves not only the 
design of the kettle but the attack of zinc on the materials 
of the weld. So-called ‘‘Corner’’ welding gave very 
good results on these kettles. The formation of iror- 
zinc compound frequently occurs as a corrosion phenome 
non in the seams. As a result, extraordinarily high 
stresses occur when a cold bath of zinc is heated; oftet 
the kettle is burst. Frankenbusch strongly recommen 
the use of butt joints in the longitudinal and, if neces 
sary, in the transverse sides of the kettle. “Corner 
welding on the bottom leads to no trouble since the laye! 
of iron-zinc compound on the bottom protects agaist 
further attack. All welded seams must be dense ae 
free from porosity since otherwise corrosion is more & 
tensive in the joints than in the parent plate itself. I 
is best to use a low carbon rod for welding to obtail 
protection against attack. 

The concluding three paragraphs summarize America! 
papers: 

A. F. Davis, AM. WELDING Soc. Journat, 13 @) 
2 (1934). 

A. E. Gibson, Weld. Engr., 20 (3), 15-17 (1935). 

E. G. Doan and A. M. Thorne, Am. WELDING 50 
JOURNAL, 14 (4), 22-24 (1935). 
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Saw Welding 


By E. E. OLSON? 


Highly Specialized Operation 
Worthy of Note 


HIGHLY important consideration in the welding 
A of saws is the fact that good quality steel saws, 

whether they are band saws or circular saws, have 
been manufactured under an intricate process of heat- 
treatment and working. Such a saw, when purchased 
new, has a tensile strength of about 172,000 Ib. per sq. 
in. This is, obviously, much different from common steel 
and is the first reason why the material is one for careful 
consideration. Primarily, the effect of the welding heat 
on such material is the repairman’s first interest. Pro- 
cedure controls for saw welding have been developed as 
the result of much experience, and it is essential that they 
be followed closely. 

The application is not new. In fact, throughout the 
lumber industry, it is general practice to repair saws by 
this method. In practically every lumber mill saw 
maintenance shop carefully controlled procedures have 
been worked out and are followed with painstaking care. 
Under no circumstances is a welding operator permitted 
to work on a saw until he is thoroughly familiar with the 
routine for each different type of repair. In lumber 
mills generally the head filer is usually charged with the 
entire responsibility for the saw welding. No one else is 
permitted to do the work because of the rigid safety 
requirements necessitated by the nature of the part. 
The welding of saw steel is an art in itself and is one that 
demands a great deal of study, constant practice and 
close supervision. The job is done today and done well, 


t The Linde Air Products Company, Seattle. 


A Jig with @ Movable Anvil Assists the Sew 
elding Operations 


Short Welds Are Essential to Prevent 
Overheating. wieee Forged to Relieve the Stress and to Refine the Grain of 


and because procedures vary somewhat in different parts 
of the country, practices now current are of interest. 


Metal Must Not Be Overheated 


As in the case with any metal that has been heat- 
treated, special care is necessary when welding. This is 
essential because of various factors more or less generally 
known. Primarily, overheating of metal that has been 
developed to a high strength through both heat-treat- 
ment and working should be avoided. This holds true 
for work on saws as on other similar materials, such as 
spring steel. Do not overheat the metal. This can be 
accomplished by welding a small spot, not exceeding 1 
in. at a time, and immediately forging the weld as each 
weld section is completed. Overheating of any consider- 
able area is thus eliminated. Fine metal grain structure 
similar to that of the original saw steel will result from 
this method of treatment. Overheating during welding 
or the omission of forging may cause brittleness and a 
considerable reduction in tensile strength. 

The heating or the welding of a small spot at a time is 
essential for good results. On the other hand, mere re- 
peated heating and cooling of the weld may cause hard 
spots which are likely to crack after the first run of the 
saw. In order to take care of this possible effect, the 
weld and the welded area should be heated to a dull red 
and allowed to cool slowly immediately after the entire 
weld is completed. The heated section is then uniform 
in hardness; but the total heating leaves the material 
too soft. A second heating after the section has been 
cleaned with emery, carried out slowly and applied 
until the material is of a straw or blue color is then neces- 
sary. The section is then allowed to cool off. 

The manufacturer of the saw is in the best position to 
recommend the best welding rod to use on his products. 


Immediately Following Each Short Weld, the Metal Is 
the Metal 
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Saw Steel Belting for Composition Board Manufacture Is Made Endless 
by Welding 


Special Considerations 


It is recommended that the backhand method of weld- 
ing be used. For this, the flame is pointed toward the 
starting point of the weld; in other words, back over the 
completed weld. 

There are many special considerations in connection 
with the repairing of different types of saws and different 
types of fractures. 

When working on band saw cracks, always start from 
the inside end of the crack and weld out toward the edge. 
On head saws, because of blade thickness, the crack 
should first be opened up with a hard blunt chisel. Thus 
better penetration without overheating is obtained. 

Butt type welds require special anvil jigs to hold the 
blade in position and to permit the operator to forge the 
weld at the correct time. - Current practice does not re- 
quire beveling of the edges. The ends are lined up about 
'/s¢ in. apart. The weld is started in the center of the 
blade, carried 2 in. toward one edge, and then restarted 
at the center and carried the same distance toward the 
other edge. This welding short distances on alternate 
sides from the center continues until the entire weld is 
completed across the saw. 

To replace a tooth, an entire tooth should be cut from 
a scrapped saw. The edges are beveled, one end of the 
tooth tack-welded to the saw, and starting from the op- 
posite end of the crack the weld is carried through to the 
tack-weld. As usual, the tack-weld must be melted out 
and rewelded. 

Broken circular or round saw teeth require the same 
method as band saw teeth. Cracked rims are handled 
differently. Because of greater thickness, and to elimi- 
nate warping, the weld is made from both sides working 
from the inside of the crack toward the rim. Any 
buckling of the metal is hammered out. As the welding 
flame heats the metal the saw buckles upward. This is 
taken care of by welding about '/, in. halfway through 
the metal. The saw is quickly turned over and the other 
half welded from the other side. Again rapidly turning 
over the saw the buckle is hammered out while the steel 
cools. The process is repeated until the crack is com- 
pletely welded. 
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A broken eye requires special equipment and is usually 
not attempted unless absolutely necessary. Work of 
this nature should be turned over to someone specially 
equipped to do it. 

An Interesting Jig 


A southern company does a great deal of this work and 
saw welding is quite common for them. Of particular ip. 
terest in their procedure is the special jig developed for 
handling the work. This holding fixture has been de. 
vised particularly for making butt type welds on band 
saws. It consists essentially of two clamps which hold 
the ends of the saw in exact position for welding. An 
anvil which fits directly underneath the part to be welded 
and which can be raised or lowered at will without re- 
moving the saw from the clamp is also provided. In 
this way the alternate welding and peening or forging 
takes place as rapidly as possible and with a minimum of 
effort and lost time. 

Their procedure is to clamp the saw in the jig with the 
anvil lowered so there is a space between the bottom of the 
saw and the clamp where the weld is to be made. The 
weld is started at the inside of the crack or check. About 
2 in. is welded at a time toward the edge of the saw. 
The anvil is then quickly raised and the welded section 
hammered lightly to stretch it while it cools. This 
procedure is continued until the crack is completely 
welded. 

When they weld a saw that is completely broken in 
two, or where a splice is being made, the saw is clamped 
quite securely in the fixture and the welding started in the 
center. Again 2 in. of welding is completed at a time 
immediately followed by forging. The anvil in the jig 
is of course raised up against the bottom side of the saw 
the instant the welding is stopped. Following com- 
pletion of welding, the entire welded section is reheated 
and normalized and then tempered again. 


For Steel Belting 


In the Northwest, a company that manufactures a 
special composition board, which is made out of shredded 
wood and a mineral mixture, finds the saw welding pro- 
cedure excellent for the welding of steel belting used in 
their board-making machines. 

Each belt is about 240 ft. in length, 24 in. wide and 


The Saw Is Set Up in the Jig Preparatory to Welding 
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Wor Spots on Removable Tooth Round Saw Are Rebuilt by Bronze-Welding to 
Eliminate Overheating 


of approximately 20 gage Swedish band saw steel. Be- 
fore the application of welding to this job, mechanical 
joints were used to join the ends thus making the belt 
endless. These mechanical joints seldom lasted over 
four months. 

With the adoption of the regular saw welding tech- 
nique splendid results followed. 

An anvil similar to those employed for band saw weld- 
ing, having a movable anvil and clamp, is used for this 
work. The same procedure for welding is also carried 
out. Upon completion of the weld, the slight weld re- 
inforcement given during welding is filed down to original 
belt thickness. 

In this particular plant five machines are used for 
making the various thicknesses of composition board and 
two belts are used on each machine. The machines are 
operated with a 20,000-lb. tension applied on each of the 
belts. The belts are accurately spaced for the correct 
board thickness and run through a 90-ft. blast heated 
furnace. The materials for making this special board are 
fed in at one end of the machine, packed between rolls 
and slowly pulled through the furnace on the steel belt- 
ing. A solid slab of dried and hardened composition 

d emerges at the other end of the furnace. 
_ This is certainly heavy punishment to give a weld, but 
it is interesting to note that the welded bands last for a 
year Or more as against three to four months maximum 
for the original mechanical joints. 


Bronze-Welded Saw Teeth 


A very interesting application was reported not long 
ago from a Northwestern lumber company, which used 
circular saws of a type having removable teeth. The 
teeth would wear out just behind where the tooth was 
inserted on the main blade, and for some time it had been 
customary for them to build up the teeth in the worn 
Spots with steel welding rod. 

4 Le procedure seemed to set up strains around the rims 
nis ageaiy saw and, as it was not a question of tensile 
: gth in this case, an oxyacetylene service operator 
uggested that bronze welding rod be tried out for the 
rebuilding operation. 

‘ix months’ trial of this showed the application to be 
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sound, as it eliminated many of the problems encountered 
in the former rebuilding operation. 

It is reported that the operation is very simple be- 
cause the bronze rod will ‘‘wash’”’ on in quite a thin layer. 
Another thing is that a great deal less heat is necessary 
which tends to eliminate warping. 

About 1'/, lb. of bronze rod, an hour’s welding time, 
and 6 hr. of filing, grinding and putting in teeth are re- 
quired for this work. The lumber company manage- 
ment reports that they consider a cost of under $6.00 for 
this work very good and the operation is to be continued 
as standard. 

As mentioned at the beginning of this article, repair- 
ing saws by oxyacetylene welding is a highly specialized 
procedure and not one to be gone into by the inex- 
perienced operator or welding shop. Highly specialized 
technique and equipment are required. A thorough 
understanding of the nature of the material being worked 
on, as well as a knowledge of how to handle the effects 
of welding on this material, is essential. The work, 
however, when properly done, solves a widespread 
maintenance problem that is faced by any company using 
this type of saw and it therefore justifies careful study. 


Light- W eight 
Rigid Welded Base 


on 
Kingsbury Drilling Machine 


By G. DONALD SPACKMAN{ 


New Hampshire, recently built an automatic 
indexing drilling machine for handling various 
drilling operations on a rear main bearing cap. In 
general, the machine follows closely the design and con- 
struction of the well-known Kingsbury automatic drilling 


[K New Ham Machine Tool Corporation of Keene, 


and tapping machines which have been responsible for 


t President, Lukenweld, Inc., Division of Lukens Steel Co. 
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many notable improvements in production methods jn 
the lighter ranges of work. 

The machine is equipped with a welded steel main 
base fabricated by our Company, using a special analysis 
of welding quality steel and employing covered electrodes 
under insurance welding control. The finished welded 
structure was thoroughly furnace-stress-relieved before 
shipment. 

The welded base is 67 in. in diameter and 36 in. in 
over-all height, including the 9 in. center pedestal, 
Eighteen pieces of flame-cut and formed steel plate were 
used. In the internal stiffeners, '/2-in. plates were used, 
3/,-in. plate in the main shell and */s-in. plates in the top 
and bottom flanges. 

In order to preserve drill alignments and eliminate the 
possibility of chatter in the machine, it was necessary 
that the design and construction of the base provide for a 
substantial and rigid structure. However, it was essen- 
tial that weight be kept at the minimum. These require. 
ments were met in the welded unit which weighed only 
2420 Ib. in the rough, and about 2100 Ib. after machining. 
For equivalent rigidity in cast iron, it is estimated the 
base weight would have been about 3600 Ib., an increase 
in weight of about 71% over the welded base. In cast 
steel of equivalent rigidity, it is estimated the base 
weight would have been about 2800 lb., an increase in 
weight of about 33% over the welded base, due to the 
fact that in a unit of this size, difficulty would be en- 
countered in the foundry in attempting to cast the !/,-in. 
and */,-in. sections employed in the welded structure. 


Maintenance Welding in Railroad Works 


By FRANK A. LONGO; 


road, can well appreciate the safety of equipment 

used now as compared with the equipment used 
in 1914, when welding was first started at our Los Angeles 
shops. In those days, we had numerous accidents, such 
as, regulators catching fire, some blowing off, equipment 
back-firing and burning operator, and acetylene genera- 
tors blowing up. We have had no accidents due to 
equipment in the last several years. 

The responsibility resting upon us today is greater 
than ever before, both from the viewpoint of safety and 
economy; and will continue to grow greater as time 
passes, because we are doing more welding today than 
ever before. 

Are and gas welding and cutting are used in round- 
houses, car shops, boiler, blacksmith and machine shops; 
also, for sheet metal workers and pipe fitters for new and 
repair work in various branches of the metal trades. 
We find the oxyacetylene and arc process for welding and 
cutting indispensable for quick, efficient and economical 
results. 

The success of a welding job depends a great deal on 
how it is prepared, and for this reason the welder should 
see that the work to be done is properly beveled and 
edges thoroughly cleaned from dirt, scale and grease. 
Work should be secured in position with suitable strut 
bolts, clamps or wedges, with the proper opening to 
enable the welder to perform the welding all the way 
through the plate or job, and make the weld solid. 


W: WHO have grown up with welding on the rail- 


* Presented at the 233rd Meeting of the Pacific Railway Club, Jan. 9, 1936. 
t Supervisor of Welding, Southern Pacific Company, General Shops, L. A. 


Gentlemen, if you will follow me, we will go through 
all the processes involved as the locomotive and tender 
go through the shops for heavy repairs. We will espe- 
cially observe the important part played by cutting and 
welding in the overhauling of a large locomotive 

When an engine is shopped, tender is disconnected 
from locomotive and sent to tank shop. Locomotive 
is placed on strippers pit where a gang of strippers re- 
move all pipes, jacket, lagging, cab fixtures and running 
boards. Binders and brake rigging are loosened so they 
can be easily dropped when engine is placed in back 
shop. 

After engine is placed over pit in back shop, the heavy 
stripping is done such as dropping binders, brake beams, 
safety hangers, cab removed, front end, superheatel 
units, throttle box and stand, air pumps, feed water 
pump, injector, air reservoirs, cylinder heads, pistons, 
crossheads, main and side rods and all brackets on boiler. 
We have well trained oxyacetylene cutters in strppig 
gang, who burn all bolts and nuts to facilitate the removal 
of parts mentioned. Engine is lifted and wheels 
moved. Engine and trailer trucks, booster engine, sprié 
rigging, shoes, wedges and driving boxes are then 
moved and taken to their respective departments. 

During time strippers are on engine we have three cut 
ters who cut out bolts and rivets in ash pan for removal, 
then burn out fire-box sheets, radials and stay bolts. 
We usually have fire-box burned out before strippers # 
done. Flexible bolts and radial bolts are burned “ 
next to both sheets for reclaiming. Boiler is then lifte 
from frame and taken to boiler shop. 
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Frames, frame braces and cylinders are cleaned and 
examined for cracked or broken parts. 


Locomotive Cylinders 


The repairing of cracked or broken locomotive cylin- 
ders has always presented quite a problem to locomotive 
repair shops, but the development of the various processes 
of fusion welding has tended greatly toward the simpli- 
fication of this problem. The oxyacetylene torch is 
used to fuse a bronze filler rod into the parent metal of 
the cylinder. When this process is properly handled, 
an ideal cylinder repair will be effected. The building 
of the furnace is one of the most important operations 
of the process, and often too little attention is paid to it. 
It is best to enclose the entire cylinder half within a 
furnace built of fire-brick. However, when the weld is 
only a small one in the bottom of the cylinder proper, 
only the cylinder and valve chambers need be enclosed. 
Steam pipe to cylinder must be disconnected at header 
to allow cylinder to move freely during expansion and 
contraction. 

Cylinder should be preheated with charcoal for five 
or six hours. This preheating is accomplished by placing 
a grate of small mesh wire netting half way up from the 
bottom of the cylinder and valve chambers, placing 
charcoal on this netting, also on floor of furnace. This 
preheating is necessary for the following reasons: 

1. To prevent the weld metal and heated metal close 
to the weld from being hardened due to the chilling ac- 
tion of adjacent cold or nearly cold metal. 

2. To prevent the further breaking of the casting due 
to the heat of the weld or the breaking of the weld due to 
unequal contraction during cooling. 

3. To save welding gases and time. 

4. To make welding easier. 

Charcoal must be added to the furnace during the 
welding operation to keep cvlinder hot and at an even 
temperature. When welding job is finished, cylinder is 
again fired up and furnace sealed to allow cylinder to 
cool down slowly to relieve all stresses due to contraction. 
This should take from 48 to 72 hours. 

The straight welding torch was first developed in our 
shops in Los Angeles in 1925 as we use welding tips from 
15 inches to 48 inches long for this work. The de- 
velopment of this straight torch came about as the result 
of welders getting severe cases of bronze poisoning on 
account of having to work so close to bronze in these 
heavily heated cylinders. Now they can stand back 
two or three feet. 

Another operation consists of building up worn sides 
of guides. This is one of our shop practices to maintain 
the dimension of our guides to standard. When removed 
from the engine, all foreign matter is removed so they 
will have a clean surface. We lay mild steel rods */, inch 
apart, the length of the weld, and the thickness to be 
built up on the sides. As this weld is only in compres- 
Sion, it is permissible to fill in with rods to cut down weld- 
ing time. °/3.-inch diameter electrodes are used to weld 
in first bead to get good fusion at bottom of mild steel 
rods, then 1/,-inch and 5/j-inch diameter electrodes are 
used to fill in, thus making a solid weld. Guides are 
then straightened and milled to standard size. 


Locomotive Frames 


Of the various methods of fusion welding, the electric 
arc process is, in the large majority of cases, the most 
eanical lor use either in repairing broken locomotive 
‘ames, or introduction of a new section to replace an 
old, crystallized section. The process is not difficult, 
ut there are certain precautions that must be taken if 
Positive success is to be assured. All too often, in order 
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to save time, proper procedure is not followed, and the 
weld is a failure. This, as is self-evident, is not a 
failure of the process, but is chargeable to careless super- 
vision. 

When engine comes in with broken frame an effort is 
made to determine the cause of the break, as there are 
several causes of frame failures, a few are: crystallized 
frame or fatigue limit, broken and loose binders, frame 
braces loose and working, driving boxes and rods pound- 
ing. 

Before cutting frame for welding, it is always neces- 
sary to place jacks beneath the frame, to prevent any 
strain from interfering with the proper alignment, and 
the securing of expansion. After frame is lined up, the 
frame must be trammed parallel across the break, also 
crisscross on a large frame. Tram marks must be far 
enough on either side of the weld, or outside of the an- 
nealing range. The tram marks should be made with a 
center punch. 

The break is then cut out with a cutting torch from 
both sides to center making a double vee; the angle of 
both openings should be 60 degrees. If the frame near 
the break contains flaws, all defective metal must be 
cut out irrespective of the size of the section affected. 

If a short section is applied it should be made of a 
good grade of double refined grained iron, as we have 
found from experience that a steel section is too brittle, 
and not ductile enough to stand the strains and stresses 
in a large locomotive frame. We have had four steel 
sections give us trouble before we changed to iron and this 
trouble was eliminated, as this grade of iron is tough and 
ductile. 

After frame is cut for welding about 8 inches each side 
of break must be heated to relieve or reduce any crys- 
tallization, also to remove all grease or oil which might 
enter into metal deposited. After cooling, the frame is 
chipped smooth with a chisel. A sealing tool having a 
knurled striking surface must never be used, as it has a 
tendency to beat a large part of the scale into the sur- 
face of the steel. This interferes with the welding. 

The frame is then expanded at break to allow for con- 
traction that takes place during cooling when the weld 
has been completed, also, to allow for contraction that 
takes place during annealing that is given weld and frame. 
The amount of expansion varies from '/;. to */s inch 
depending on the size of the frame. Tools used to ex- 
pand frame are jacks, wedges and a natural gas torch, 
the latter to heat opposing frame member when necessary 
to expand frame in this manner. 

Before welding is started, the frame must be checked 
to see that the expanding action has not forced the frame 
out of line. 

The welder will start at the bottom of the gap between 
the apex of the vees cut into the frame, and weld to the 
top. The first bead must extend completely through the 
vee. A chisel must never be used to remove scale after 
weld is started. Only the regular welder’s tools must 
be used to remove scale. These tools are: a hand 
scaling hammer, wire brush, a small air gun and caulking 
tool about */; inch thick. The latter is used to bob and 
expand the weld metal to relieve contraction stresses. 

We always use two welders for frame welding, one on 
each side of vee; this is in order to prevent warping of the 
frame and to cut down welding time on job. The weld 
is composed of well-formed vertical beads, each of which 
is '/s inch thick and °/, inch wide. The scale from each 
layer of the deposited metal must be cleaned and metal 
bobbed lightly. 

We have found the */,s-inch heavy coated rod best for 
frame welding. One-fourth inch heavy coated is used 
on broken pedestal jaw lugs. 
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After welding is completed frame is stress-relieved. 
This heat treatment consists in bringing the weld and 
adjacent metal up to a medium red heat, holding heat 
long enough to soak through weld, and allowing it to cool 
slowly. 

A piece of plate used as a furnace support is hung on 
the frame, and upon this plate the brick furnace is built 
to anneal frame. 

The welding of a frame must be carried through from 
start to finish in one operation. Cooling at any time 
during the process would result in heavy stresses being 
set up. 

Fire-Boxes 

By the use of treated water, and the continual renewal 
of patches and sections of fire-boxes and front flue sheets 
in the back shop, the program of new fire-boxes is a thing 
of the past; and justly so, for it is an expensive proposi- 
tion to strip and remove boiler from frame for this work. 

A few years ago, it was ‘‘How many fire-boxes can you 
put in?’ Now it is, “How many fire-boxes can you 
save?” 

I recall the old slow method of applying patches in 
fire-boxes with patch bolts and sewing up cracks with 
plugs. Hot workers were continually working on leaky 
stays, flues, rivets, plugs and patch bolts. 

Boilermakers in those days were in demand as we had 
several all along the line keeping fire-boxes tight. 

I have before me a chart showing number of fire-boxes 
applied during last 23 years. It is very interesting to 
note in the last few years reduction of number of fire- 
boxes applied. 

In the 12-year period from 1913 to 1924, a total of 
2127 fire-boxes were applied on Pacific System. In the 
1l-year period from 1925 to 1935, this dropped down to 
977 fire-boxes. At Los Angeles during the year 1920, 
we put in 104 fire-boxes. In 1925 this dropped down to 
36, and last year, 1935, only one fire-box was applied. 

With our old method acetylene welding, patches and 
cracks in side sheets were common cause of failures on 
the road. Men had to be sent from our shop to reweld 
these cracks at outside points. 

Joining sheets in the locomotive fire-box by the electric 
arc process, using a heavy coated welding rod has ef- 
fected considerable economy, both in fire-box construc- 
tion and maintenance cost; as welds equal to or better 
than the plate itself in tensile strength, ductility and 
ability to withstand repeated stresses are obtained. 

On rare occasions, we do have to put in a new fire-box. 
These combustion chamber fire-boxes consist of crown, 
door, back flue, two side, throat and bottom combustion 
chamber sheets. Sheets are held in place with straps 
and strong backs. 

The only riveted seams we have in this type of box is 
the door and flue sheets, which I hope our people will see 
fit to let us weld some day. When we apply patches to 
door sheet or bottom of back flue sheet without removing 
all lower flues, we weld them in. 

The type of weld used in new fire-boxes is the single 
vee butt weld, and as the welders have access to both 
sides of the sheet, the seams must be welded from both 
sides. After box has been welded completely from fire 
side, a diamond point chisel is then taken, and a vee- 
shaped groove is cut in the back of the weld of sufficient 
depth to remove all flaws. This groove is then welded, 
and a weld of maximum strength is secured. Caulking 
edges of door sheet, flue sheet and four mud ring corners 
are sealed with electric welding. 

The life of a new fire-box is extended by the applica- 
tion of reinforcing bars, properly fitted to flanged radius 
welded vertically between each row of stay-bolts. These 
are butted up against crown sheet and extend along 
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knuckle down to midway, between first and second row 
of stay-bolts. Bars on throat sheet wings are placed 
horizontally 4 inches apart, and '/9-in. thick back mud 
ring corner patches are applied instead of */;-inch, as al] 
of these give trouble first, due to cracking, and are the 
weak spots of a fire-box. The application of these 
5/s-inch round iron bars, length to suit, have extended the 
life of these parts from 50 to 100%. 

In the welding of patches in fire-boxes, front flue sheet 
and smoke box, the edges of both the old and new sheets 
must be clean and beveled at a 30 degree angle, or 6( 
degree opening for both. The new sheet should be bolted 
so that a gap of '/;sinchis left. The seam is tack-welded 
about every 15 inches, this so the patch cannot get out 
of line, after which the straps are removed. Patches 
are applied to any part of the fire-box. 

The first bead, or pressure bead, is made with '/s-inch 
diameter welding rod to insure penetration as the weld 
in the water side must be clean and flush with the sheets, 
with no gaps or mud catchers. 

The first bead is laid directly in center of the seam. 
No attempt should be made to fill the gap with the first 
bead. After first bead is applied */s:-inch and */, 
inch diameter electrodes should be used and each layer of 
weld metal must be thoroughly cleaned of all scale. 

In repair shop, applying tops of door sheet, back flue 
sheet and throat sheet wings, these bars are applied 
before patches are set in place. 

In applying patches to front flue sheet, enough flues 
must be removed to enable welder to reinforce weld from 
water side. Usually the whole knuckle below the 
unit header is removed and three patches applied. 

If back flue sheet is renewed a */,-inch front flue sheet is 
applied instead of patches, that is, front flue sheet is cut 
horizontally above top row of flues to save removal of unit 
header. This top section is well braced. Deterioration 
and cracking is not so rapid. Half-inch gusset plates 
are welded to knuckle of front flue sheet in smoke-box 
side. The life of cracked front flue sheets has been ex- 
tended by the welding of the crack and the application of 
these gussets. 

Front flue sheets */, inch thick have been applied 
to three locomotives, which are still in service. One 
applied to Engine 4311 Dec. 28, 1925 is 10 years old. 
One */, front flue sheet applied to Engine 4302 Dec. 
1926, removed Jan. 11, 1934, gave 8 years of hard ser- 
vice. Three-fourth-inch thick front flue sheet ap- 
plied to Engine 4320 Jan. 1928 is still in service after § 
years. Three-fourth-inch thick front flue sheet ap- 
plied to Engine 4354 April 18, 1932 is still in service. 

The welding of superheater flues to back flue sheet 
is one of our first applications of welding. In 1916 av- 
erage cost to weld in set of 36 superheater flues with oxy- 
acetylene method was $66.00 as welder finished only one 
flue per hour. We now electric weld this same set of 
flues in 4'/, hours at a cost of $6.00. 

It was Mr. O. B. Schoenky, now Superintendent of 
Motive Power, of the Southern Pacific Company, and 
one of the Pioneers of welding, who first saw the possi- 
bilities of electric welding, replacing the oxyacetylene 
method for our work; as in April 1917 he wrote the 
following to Mr. Pat Sheedy: “Now that the demon- 
stration has been completed on the autogenous welding, 
we should adopt the apparatus that will give us the 
best results for the least money, which other roads have 
already proved is the electric welding outfit.” The 
result was that in the following year, 1918, we purchased 
our first electric welding machine. 

At the present time, we have 18 electric welding ™4 
chines with two shifts of welders, and 3 machines ™ 
roundhouse to take care of running repair work. 
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The holes in back flue sheet for superheater flues are 
countersunk at a 45-degree angle half way through the 
sheet. The flue is cut so that it will lack about '/i. inch 
from coming through the sheet in the fire-box. The flue 
is then given a light rolling to set it to sheet and then pros- 
sered as Close to the sheet as possible. Flue is belled out 
or laid over in the countersink, after which the flue end 
is welded with a good substantial bead, fusing well into 
the end of the flue to make a strong welded joint. There 
is no projection of the weld on the fire-box side as this 
weld is flush with sheet, and will run the life of the flues 
without giving a bit of trouble. 

We do not weld our small flues until the life is about 
gone from flue beads. They are expanded, beaded, 
rags cut, cleaned and sandblasted for welding. A small 
bead is then welded around flue bead and their life ex- 
tended about 14 months. In combustion chamber fire- 
boxes it is much longer. 

Oxyacetylene welding is used in the repair of pit holes 
in flues and in the welding in of pieces of superheater 
flues. In the welding of superheater flues, the bottom 
of the vee is fused together before filler rod is added. 
This makes a solid weld of maximum strength and the 
weld is always flush with the inside flue walls. 

After ash pan is bolted in place, all seams are electric 
welded to insure against cold air striking fire-box sheets 
and falling of brick work. 


Wheel Diameters 


Another very important job is the maintaining of fixed 
diameters and true circles on locomotive driver and 
trailer wheel centers. The method in general use for 
changing and resetting the tires of locomotive wheels, 
is to heat the tire until it expands sufficiently to allow 
slipping it off the wheel center, and then replacing it 
with the same or new tire, which is expanded by heating, 
until it readily fits the wheel center. The tire is then 
allowed to cool and in cooling, shrinks upon the wheel 
center, assuring a tight fit. 

A continuation of this process reduced the diameter of 
the wheel center and has an injurious effect upon the 
roundness of the rim section until it becomes necessary to 
build up the wheel center. 

The reducing and deforming effect of this method of 
changing tires is traced to several causes. The principal 
cause is the contraction stress inherent in all irregular 
shaped castings. Because wheel centers are cast steel, 
and the light spoke and rim section is opposed by the 
heavy hub, crank pin, boss and counterbalance section, 
the contraction strain on the lighter section of the wheel 
is excessive, deforming the wheel to some extent. 

In addition to this strain, there is the contraction 
strain imposed by the shrinking of the tire upon the wheel 
center. This strain tends to increase the concavity of 
the wheel on the inside, thus reducing the diameter. 
Also, irregularities in the track, subject the heavily loaded 
wheel centers to considerable pounding, which decreased 
their diameters. 

As engine goes through shop, we weld up all the wheel 
centers that are undersize. Following is our standard 
practice of maintaining fixed diameters and true circles 
on locomotive wheels: 

Before wheels are taken to welders, wheel center rims 
are thoroughly sand blasted to remove scale and rust on 


Surlace to be welded, as a clean surface is necessary for 


better and faster welding. 

i heels are then put on a set of rollers equipped with 
4 reversible motor and four rollers, the same as used for 
setting eccentric crank arms. Air hose attached to 


= has a cut-out cock in line, placed in reach of 


Ider for turning wheel to suit position of welder, who 


RAILROAD MAINTENANCE WELDING 23 


welds about 18 inches and then turns wheel. The 
welder can sit on a stool about 36 inches high, in a com- 
fortable position, and by avoiding muscular strain, can 
better concentrate on the work. 

The cable to the electrode holder should be drawn over 
the welder’s lap from the left side with just enough slack 
to allow free motion of the electrode holder. The 
operator should keep the arc traveling forward just fast 
enough to keep it at the forward edge of the crater. 
This is the greatest speed of travel possible with the 
combination of reverse polarity, electrode diameter 
and current used. Advancing the arc less rapidly will re- 
sult in a bead somewhat higher and wider to suit thick- 
ness for over */,s inch. The weld must be thoroughly 
brushed with a steel brush in order to remove all oxide 
which forms on the weld. 

The technique is the same as any arc welding with the 
exception that the welding current is in reverse polarity, 
as a bare rod is used for this work. Welding procedure 
to follow: The welder must weld crosswise on rim, from 
left to right and right to left, proceeding by weaving 
from side to side. This patch must extend over the 
edges of the rim in order to have squared up edges when 
the wheel is machined. 

We use °/,- and */s-inch diameter welding rods for 
this work. This rod is drawn from store in 20-foot 
lengths, and is cut up into 14-inch lengths and there is 
no waste or stub ends as the welder sticks the new 
piece onto the stub in this class of work. 

Very little training is necessary before a welder can 
turn out consistently reliable results with this method 
on building up wheel centers. 

The welding of cracked wheel centers has increased 
considerably due to the improved method of welding. 
Cracks that extend from journal fit through hub are cut 
out with a cutting torch, chipped and placed in a round 
furnace about 12 inches high, and covered with scrap 
car roofing. They are preheated with charcoal and a 
natural gas torch until hub is a medium red, then cov- 
ered with asbestos, as welder must work over same. 
This work is done with the oxyacetylene process, and a 
good grade of 3'/,% nickel welding rod is used. Char- 
coal is added to keep wheel at an even temperature. 
Two welders are used on this job, as it is rather difficult 
for one welder to work more than 25 minutes over the 
hot wheel. After welding, furnace is filled with char- 
coal and wheel is allowed to cool slowly—about 72 
hours. This annealing process makes a better wheel as 
it machines very good and all road strains and stresses 
are removed. 

Broken rim and spokes are welded with the electric 
arc method using heavy coated welding rod. Expansion 
is taken for broken spokes by heating adjacent spokes 
with an acetylene torch, small jack and wedge is used to 
take expansion for rim fractures. These welds are 
made with a double vee. 

Tire retaining clips are welded to wheel center after 
tire has been applied. They extend over edges of tires 
5/s inch. These are small forgings which keep tire from 
coming off in case it should become loose in service. 
Nine are applied to each wheel center. This is a safety 
feature, and has proved its worth on numerous occasions. 


Boiler Check Valves 


I have here a reversible boiler check valve and a 
boiler check elbow or seat. The maintenance cost of this 
type of brass valve and seat is very high, due to the 
continual opening and closing of the injector, which 
causes a heavy pound on this valve and seat. The result 
of this is the boiler check leaking, and in nearly all cases 
boiler checks had to be ground in after every trip. 
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After a careful study of this condition, we brazed a 
monel metal ring to valve seat, as monel combines 
high strength, toughness and resistance to corrosion. 
Brazed joint was tested to destruction in shop before 
test was made on engine. You can readily see the braze 
at the line of fusion is unharmed. 

The first one was applied to switch engine 1279 that 
had to have boiler check ground in every day. The re- 
sults obtained were better than expected, as valve and 
seat were only examined at time of monthly inspection. 
This is now our standard practice on all engines, as it 
has resulted in considerable savings. 


Spring Rigging Work 


The attention given to the equal distribution of weight 
and keeping of spring rigging to standard dimensions at 
all times has almost entirely eliminated hot journal boxes 
on our locomotives, and has cut down flange wear. 

The importance of this is the centralization of all 
spring rigging work in shop at one point, where spring 
rigging is annealed, whitewashed and examined for 
cracks. 

Main equalizer saddle, driving box cellar spacer, lateral 
triggers, saddles, strap hangers, stirrups, equalizers and 
grooves in band of springs are built up by electric weld- 
ing and machined to standard dimensions. Plates are 
welded on driving box bearings of saddles and driving 
box equalizers, which are built up and machined as tires 
are worn down. 

Foundation brake gear levers, brake beams, hangers, 
brake shoe heads and loose binder fits are welded and 
machined. 

Engine truck rockers, equalizers, swing links and center 
castings are built up and machined to standard dimen- 
sions. Half round hardened bushings for rocker seats 
are welded in. 

Worn sides of frames at shoe and wedge fits are built 
up with electric welding and are ground to standard 
dimensions with a special built grinder for this one job. 
This eliminates the breaking off of shoe and wedge 
flanges in service. 


Driving Box Cellars 


Recently occasion arose that on our long run 832 
mile passenger engines, driving boxes, cellar boxes and 
binders had to be redesigned to hold 3 inch instead of 
17/s inch cake of grease in cellar. This was accomplished 
by extending lugs of driving box */, inch and plugging 
cellar bolt holes with electric welding. Three-fourth- 
inch piece brass was electric welded to top of cellar box 
radius and end plate to fit journal. 

Full length plate */, inch thick was welded to bottom 
of binders, after which they were machined out */, inch 
on the inside to conform with cellar clearance. 


Electric Welding with Bronze 


One of the most remarkable developments is the elec- 
tric welding with bronze. We are furnished with a very 
good grade of bronze that is cast in the Sacramento 
General Shops, and when applied to any wearing sur- 
face against steel last much longer than steel to steel. 
Several important jobs have become our standard prac- 
tice. 

Both wearing surfaces of radial buffer adjustable 
chaffing plates on our Mountain type passenger engines 
have this bronze applied. It is also applied to wearing 
surfaces of trailer and truck boxes and eccentric 
crank arm liners. 

Bronze crosshead gibs that were formerly scrapped, 
now have their oversize bolt holes reduced and lateral 
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maintained by building up. We apply a layer of bronz 
'/, inch high and '/: inch wide, crosswise on the extreme 
outer ends and center of gibs. These strips eliminate 
the breaking and sliding out of the babbit. 

Bronze screen is electric welded to driving and truck 
boxes for securing babbit. 

We have tried a good grade of phosphor bronze type 
“D” for the welding of worn journal crown brasses jy 
box. Results from this were not satisfactory, as in the 
welding process the heat loosened the brass in the box. 
Results were not satisfactory welding brass out of boxy 
However, we have not given up hope as I believe a way 
will be worked out that this work can be done without 
loosening brass in box. 


Superheater Unit Work 


On our type “E’’ superheater units we have experi. 
enced quite a bit of trouble due to units scaling up, bum- 
ing and bursting at the ends nearest the fire. Different 
kinds of compounds and mixtures of acids were tried to 
remove scale, without results. This problem was tem. 
porarily solved by cutting the units off 24 inches from 
ends nearest fire and rewelding, after reaming tubes out 
with an 8-foot reamer. This did not do a clean job, as it 
left a thin layer of scale on walls and was not an ideal 
condition; for after a few months’ service, scale was 
easily formed again, causing engines to be tied up for 
leaky units. 

Sand blasting was then tried out with good results. 
A 20-foot */s-inch pipe was inserted in tube and a 
thorough job of cleaning was accomplished. 

The time and cost to cut these units was rather high, 
as this was all done with a hand hack-saw. Later, this 
time and cost was cut down less than one-half by acety- 
lene cutter burning two holes in ends of units, and ream- 
ing large enough to insert pipe for sand-blasting, and 
holes welded after sand-blasting. 


Hard-Surfacing Process 


The process of hard-surfacing may be defined as the 
application of a thin coating of hard, wear-resisting alloy 
to the wearing surfaces of any type of metal parts. 
This means that a protecting layer of wear-resistant 
alloy covers the surface that is normaily worn away 
rapidly and protects it from wear. This process is ap- 
plied equally well to new parts before their first use, or 
to old worn parts. The use of hard-facing has resulted 
in an important savings in the maintenance of our 
stationary radial buffer castings between engine and 
tender. This is the casting that is bolted and welded to 
the engine. Before hard-facing was adopted in Febru- 
ary 1930, the severe condition of abrasion and impacts 
wore these so badly after 12 to 18 months’ service that 
they had to be built up to standard radii. We then 
started to build them up with a mild steel rod, machined 
them to standard radii, then applied a thin coating 0! 
hard facing material. 

We have applied hard-facing material with oxy- 
acetylene, metallic arc and carbon are methods, with and 
without coating on rod. We found that a greater saving 
can be effected by applying a thinner coating in the least 
possible time with the carbon arc method with a bare 
rod. The carbon is gripped as close to the arc as prac 
tical, for if a long length of carbon is exposed, the heating 
causes the carbon to vaporize and causes the carbon t 
burn away very rapidly, giving excessive wastage. 

The dimension of surface we have to hard-face on @ 
radial buffer casting is 11 inches x 16 inches or 1/° 
square inches, which we do with 1*/, pounds of hard- 
facing material. This is done in one hour’s time. In 
the 5 years we have applied hard-facing material to these 
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radial buffer castings, none have had to be renewed on 
account of wear. 

Hard-facing is also applied to multiple throttle cam 
shafts, valves and ditcher bucket teeth. 


Metal Spraying Process 

One of the newest processes used in the railroad shop 
is the method of applying metals to surfaces with the 
metal spray gun. We have done some testing of metal 
spraying equipment, and find that we can reclaim our 
scrap monel pump rods and sleeves from feed water 
heaters by spraying with monel metal. 

High carbon steel was sprayed to wearing surfaces of 
bronze link blocks and the life of these blocks was ex- 
tended 3 to 5 times. This highly resistant wearing 
surface prevents galling of the link in the link block. 

This method of applying metal has possibilities in the 
railroad field such as spraying surfaces to prevent cor- 


rosion. 
Use of Welding for Shop Machinery 


The use of welding in the repair and general mainte- 
nance of shop machinery is of foremost value. Repairs 
are made to machinery, castings and parts that could 
not be accomplished by other methods, thereby putting 
disabled equipment back into service in quick time and 
at a fraction of the cost of new parts, and avoiding delay 
especially to important shop operations. 

The process has also made possible the construction 
and fabrication of many facilities that otherwise would 
not be provided. 

Special tools and jigs are easily constructed with 
welding which is highly valuable toward efficient and 
economical shop operations. 

We have had some interesting and unusual experiences 
in our shop, such as: Our large electric air compressor in 
power house that supplies the shop with air was dis- 
abled by an accident. 

A large hole was knocked through wall into water 
space by valve dropping through worn valve seat. On 
first examination hole appeared to be about 8 inches x 
10 inches but on taking this large cast-iron cylinder to 
the shop and after removing head, we found cracks 
extending under cylinder head. 

All loose and cracked material was removed. To have 
ordered a piece of cast iron from foundry would have re- 
quired two days. The coefficient of cubic expansion is 
about the same for steel so we rolled and fitted a piece of 
steel 1'/, inches x 14 inches x 18 inches. Before plate 
was fitted in we applied a '/,-inch layer of bronze on this 
= plate so cast-iron piston head would not ride on 
steel. 

Furance was built around this casting same night and 
welding job was completed next day. Casting was al- 
lowed to cool, and same was bored out and new seats 
applied. Air compressor was put in service again in the 
least possible time. 

At another time, one of our traveling cranes was dis- 
abled by the collapse of a cast-iron motor rotor spider. 
We fabricated one out of steel plates and machined to 
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size. This was balanced by drilling holes in end plates. 
As the crane was put up 31 years ago, it would have been 
impossible to replace rotor spider in a limited time. 
Crane was back in service in six days. 

In store department, an elevator drum worm gear 
had all teeth broken. Outside companies were called in 
to bid on getting elevator back in service. The lowest 
bid was $500 and seven days to do the work. We did 
the job for $97 and elevator was back in service in two 
and one-half days. This was accomplished by machin- 
ing all teeth off '/2 inch below root line and building 
up with bronze, and milling new teeth on worm gear. 


Welding of Locomotive and Tender Parts 


When engines come in shop that have met with acci- 
dents, such as pilot beams, tender frame castings and 
broken tender end sills, broken parts are fabricated of 
boiler plate and welded together. 

Several months ago, we repaired the most completely 
wrecked tender frame I have ever seen. The rear end 
of tender frame was completely broken and crushed in. 
This tender frame was cast steel, and approximate cost 
of new section was about $2500.00, and it would have 
taken considerable time to cast same and ship to us from 
the east, which would have held this tender out of service 
90 or more days. 

The back tank head was removed, straightened and 
defective portion renewed. Rear end was completely 
fabricated from boiler plate, and two forgings we had 
made in our blacksmith shop. This was done at a 
fraction of the cost of new parts and avoided the long 
delay in getting tender back in service. Approximate 
cost was $362 for labor and $82 for material, total $444, 
for repairs to the whole tank as reflected by Shop Order. 


Welding on Freight Cars 


During the past year we have done more welding on 
freight car equipment, such as welding bottom rod 
supports, brake beam support angles, door tracks, side 
braces, corner gussets and threshold plates, as it is found 
that welding such parts is cheaper than riveting. 


Scrapping of Vacated Equipment 


The scrapping of locomotives and cars are operations 
of importance to our railroad. Undoubtedly the oxy- 
acetylene cutting torch is the major and most important 
tool employed for this work. Without it, the operations 
could not be carried out on the present profitable basis, as 
the cost of scrapping by entirely mechanical methods 
would in most cases be prohibitive. During the year 
1935, 841 cars, 22 locomotives and 14 tenders were cut up 
at our scrap dock in Los Angeles. 

As we progress, we must enter new fields—fields not 
yet fully explored. But in entering such fields, we must 
do so with caution, good judgment and discretion. 
Otherwise, we may tear down that which has been built 
up. Let us profit as we go through life by the experi- 
ences of others. Let your experiences and mine be given 
so that others may profit. 


1935 BOUND VOLUME 


Bound Volumes of the Journau of the Society for the year 1935 
are now available with imitation black leather covers. 
wealth of information on the latest developments in welding. 
contains Subject and Authors’ Index. 
members; $6.50 to non-members. 


Contains a 
Also 
Price, $5.00 plus postage to 
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Physical-Chemical Phenomena of the Transfer § 
of Metal during Welding £ 


By G. M. TICHODEEV? 


1. Introduction 


ROM the metallurgical point of view, the process of 
arc welding may be divided into three stages. 
During the first stage fusion of a small part of adding 

metal takes place on the end of the electrode. The neces- 
sary heat is supplied (1) by the ions of the space of the 
cathode fall in the arc that give their kinetic energy to 
the fluid drop at the small area occupied by the cathode 
spot; (2) by the heat conduction and heat convection 
of gases heated to a very high temperature in the arc 
space; (3) by exothermic reactions taking place in the 
fluid drop. 

During the second stage the metal passes from the end 
of the electrode into the liquid bath formed in the base 
material. At this moment the arc extinguishes and the 
temperature of the gases that surround the liquid metal 
decreases. 


Fig. 2—Melting in Oxyacetylene Flame 


During the third stage, the adding metal cools and 
_ I crystallizes on the base material. 
— There is a very near analogy between the described 
processes and the well-known metallurgical processes, 
—— such as the melting of steel in the furnace and pouring 
= into molds. Here, however, we meet specific peculiar 
ties and owing to this fact we have to assume that the 
physical-chemical phenomena that take place in all the 
three stages are of nearly the same importance. Further, 
here we meet also electro-physical phenomena. 

The purpose of our experiments was to find out: 
(1) what changes take place in the chemical composition 
of the drop of molten metal when it is being formed at 
the end of the wire; (2) what laws govern the falling 
the fluid drop of metal from the end of the electrode 
when there are no factors of electrical nature (e.g., thé 
pinch-effect) and it takes place only under the influence 
of its own weight. 


2. Experimental Part 


We have chosen for our investigations wire of carbo 
aa steel divided into three groups. In the first group th 

se F content of carbon varied from 0.07 to 0.48 per cent while 
t Central Institute of Metals, Leningrad. the contents of manganese and silicon were constant, the 
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frst being about 0.42-0.51 per cent and the second 0.21-— 
0.24 per cent. In the second group the content of 
manganese varied from 0.36 to 1.03 per cent and the con- 
tents of C and Si were constant, the first being about 
0.07-0.15 per cent and the second 0.20-0.24 per cent. 
In the third group the content of silicon varied from 0.20 
to 0.54 per cent and the contents of C and Mn were con- 
stant, the first being about 0.07-0.12 per cent and the 
second 0.42-0.48 per cent. The full chemical analysis 
of the wire is given in Table 1. 


Teble 1—Chemical Composition of the Wire 


Wire Si, Mn, Ss, P, 
No. Per Cent Per Cent Percent Per Cent Per Cent 
1 0.07 0.22 0.42 0.014 0.016 
2 0.13 0.24 0.45 0.010 0.017 
3 0.18 0.22 0.46 0.010 0.017 
4 0.25 0.21 0.46 0.014 0.015 
5 0.37 0.21 0.46 0.016 0.016 
6 0.41 0.22 0.46 0.012 0.012 
7 0.48 0.21 0.51 0.012 0.014 
8 0.11 0.20 0.36 0.014 0.014 
9 0.07 0.24 0.66 0.008 0.016 
10 0.15 0.23 0.86 0.006 0.015 
11 0.12 0.20 1.03 0.008 0.018 
12 0.12 0.28 0.46 0.012 0.012 
13 0.09 0.34 0.48 0.008 0.012 
14 0.10 0.54 0.48 0.006 0.010 


The wire was made of steel melted of very pure raw 
material in a small high-frequency furnace in an acid 
crucible. Deoxidation was done with silicon. Ingots 
have been obtained weighing 25 kg. After cutting off 
the head, the ingots were forged into billets 45 x 45 
mm.? in section, that were then rolled into rods, 8 mm. in 
diameter. Wire 4mm. in diameter was drawn from these 
rods. 

The following experiments have been carried out. The 
wire was slowly fed at a constant rate in the vertical 
position by means of a mechanism into the zone of the 
welding flame in such a way that the end of the wire was 
being melted and drops of fluid metal were repeatedly 
falling down. In Fig. 1 is shown a nipple (1) along 
which the wire (2) was fed; the end of the wire was all the 
time in the zone of welding flame of the gas torch (3) or 
of the electric arc. The drops of fluid metal were falling 
into a cylinderical narrow vessel containing water (4), 
where they cooled and solidified. The distance of the 
level of water in the vessel from the end of the electrode 
was equal to about 3 cm. 

In order to examine the influence of the nature of 
gaseous medium, the fusion was carried out under dif- 
ferent conditions, namely: (1) in oxyacetylene neutral 
flame, (2) in oxyacetylene oxidizing flame, (3) in the 
flame of the tungsten arc in hydrogen atmosphere, (4) 
in the flame of carbon arc in air. 

When the wire was being fused in oxyacetylene neutral 
flame, the pressure of oxygen was equal to 2 atm., that 
of acetylene to 1 atm.; a torch was used having a tip 
No. 4. The distance between the end of the nucleus of 
the flame and the surface of the drop of metal was about 
“3mm. When the wire was being fused in the atomic- 

ydrogen flame, the hydrogen pressure was equal to 0.3 
atm.; the diameter of the tungsten electrodes was 3 mm. 
and the are current was equal to 40 A. The part of the 
gt se was being fused was in the flame of the arc at 

~ stance of 15 mm. from the ends of the electrodes. 
He len melting in carbon arc, the same electrode-holder 
“an the preceding experiments was used and instead of 
ae electrodes, carbon electrodes 7 mm. in diameter 
Th © gripped. The current of the arc was equal to 55 A. 

€ are had the form of a stretched tongue 25-30 mm. 
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long. The distance between the end of the wire and the 
ends of the electrodes was 15 mm. 

Before every experiment of fusion, the gas torch or 
holder was fastened in a massive support and the same 
distance between the axis of the rod and the end of the 
torch was carefully maintained. The flame of the gas 
torch and of the electric arc was also carefully regulated. 
The velocity of movement of the wire was regulated 
in connection with the velocity of fusion, and the fluid 
drop was all the time while it was being formed in the 
same gaseous medium. 

In Fig. 2 is shown a photograph when the wire is be- 
ing fused in oxyacetylene flame. On the surface of the 
fluid drop four light spots may be seen. The spot nearest 
to the nucleus of the flame is a reflex; the other three 
spots and one of them in the lowest point of the drop are 
small heaps of liquid slag and they float easily on the 
surface. 

In Fig 3 the moment of the drop formation and fall- 
ing is shown when the wire is being fused in the atomic 
hydrogen flame. Owing to the lower pressure of the gas 
jet, no deviation of the drop happens (Fig. 3a). 

The moment of the tearing away of the fluid drop is 
shown in Fig. 3b. This photograph shows the form of the 
drop at the place where it was torn away. At the lower 
part of the drop a small accumulation of slag in the form 
of a thin film is seen. 

In Fig. 3c is shown the moment of the falling of the 
drop and the formation of anewone. After the drop has 
been torn away, it quickly acquires a spherical shape 
7-8 mm. in diameter. The light winding line stretching 
along the traces of the drop is the accumulation of slag. 

Each separate experiment of fusion lasted as much 
time as was necessary to obtain 18-25 drops. When 
melting in oxyacetylene flame, the frequency of the 
falling of the drops was equal to approximately 10-12 
drops per minute, in atomic hydrogen flame 12—15 drops 
per minute and in the carbon arc 20-25 drops per minute. 
The solidified drops had a round irregular form, hollow 
inside. 

The drops collected from every experiment were being 
dried and then weighed together within +1 mg. By 
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dividing the total weight of drops by their number, th. 
average weight of one drop was determined. The re. 
sults of weighing separate drops have shown that in mog 
cases their weights are very near to the average valy 
the maximum deviation being about 5-10 per cent. |; 
separate cases the deviations amounted to 50 per cept: 
this could be observed in such cases when the fusion oj 
the rod proceeded wildly and was accompanied by th, 
spattering of small drops. There is reason to assum, 
that in the last case the reaction of the combustion o 
carbon into carbon monoxide contributes to the tearing 
away of the drops. 

In Figs. 4-6 the results of the experiments are shown, 
The chemical analysis of the drops is given in Tables ? 
and 3. 


3. Discussion of Results 


The data of chemical analysis will be considered first. 
On the basis of these data one general conclusion may be 
drawn, namely, that gaseous mixtures of any welding 
flame possess in a more or less degree oxidizing properties, 
In the rising order of oxidizing properties the media 
investigated are as follows: 


(1) Oxyacetylene neutral flame, 

(2) Atomic hydrogen flame, 

(3) Oxyactylene oxidizing flame, 

(4) The flame of the carbon arc in air. 


In all the experiments of fusion, the burning of silicon 
is very high. When the initial amount of silicon in the 
rod is 0.20—0.22 per cent, there remain after fusion in the 
oxyacetylene and atomic hydrogen flame 0.05-0.10 per 
cent of Si and after fusion in carbon arc less than 0).()5 
per cent. The burning of manganese amounts to less 
than 50 per cent of its initial content when fusion is 
carried out in the neutral oxyacetylene flame but to an 
amount a little more than 50 per cent in the oxidizing 
flame and to more than 75 per cent when fusion is car- 
ried out in the carbon arc. 

As regards carbon, maximum burning—approximately 
one-half of its initial content—takes place when fusion 
of wire containing 0.25-0.48 per cent C is carried out 


axy-acetylene flame 


T 


| 
I 10+ 10 I 
| 09+ 
08 0a - 4 
I | 


08+ 


a axy-acetylene flame a O67 oxy-acetylene flame 
10F 10+ 4 a 4 
= a6 = 06 

| tome- = atomic en are 


i 1 | 


ROD.No 1 2 5 6 7 RODNOG 2 9 ROD,No1 12 
drawn wre. LILW.W—cold drawn wre LILY. V—cold drawn wre 
wire as annealed with scale wore as annealed with scale woe as annealed with scat 
Fig. 4 Fig. 5 Fig. 6 


4 
4 
|| 19 
ly. 
; 
4 
q 
4 
Th 
F 
f 
Fu 
; 
4 
- 
T 
Fu 
A 
| 
q 
| 
y= 
q 
3 
£2 
| 
, 
j 
Rade = 
: 
4, 
pany 
4 
OFS, 4 
| 
} 4 
= 
q 
4 
tid 
q 
i 
ts 
? 
Bex 


Ma rch 


r, the 
1€ re. 
Most 
value, 

In 
cent: 
On of 
the 
sume 
On of 
aring 


OWN. 
2 


first, 
ry be 
Iding 
rties, 
nedia 


licon 
1 the 
1 the 
) per 
0.05 
less 
1s 
O an 
zing 
car- 


tely 
sion 
out 


so 


1936 TRANSFER OF WELD METAL 29 


Table 2—The Chemical Composition of Drops Obtained during 
7 Fusion in Oxyacetylene Flame 
C Content Si Content Mn Content 

Per Cent Per Cent Per Cent 

In In In In In In 
The Conditions Wire the the the the the the 
of Experiments No. Wire Drops Wire Drops Wire Drops 
0.07 0.14 0.22 0.07 0.42 0.23 
0.25 0.23 0.21 0.10 0.46 0.24 
0.48 0.42 0.21 0.08 0.51 0.29 
0.12 0.14 0.20 0.06 1.03 0.65 
10 0.16 0.54 0.47 0.48 0.42 
0.07 0.11 0.22 0.05 0.42 0.16 
0.25 0.24 0.21 0.05 0.46 0.18 
11 0.12 0.13 0.20 0.038 1.03 0.49 
14 0.10 0.11 0.54 0.16 0.48 0.12 


Fusion in oxyacet- 
ylene neutral 


flame 


—) 


Fusion in oxyacet- 
ylene oxidizing 
flame 


C Content Si Content Mn Content 

Per Cent Per Cent Per Cent 

In In In In In In 

The Conditions Wire the the the the the the 
of Fusion No. Wire Drops Wire Drops Wire Drops 
Fusioninthetung- 1 0.07 0.06 0.22 0.07 0.42 0.22 
sten arc in the 4 0.25 0.20 0.21 0.06 0.46 0.20 
atmosphere of 7 0.48 0.32 0.21 0.06 0.51 0.24 
hydrogen 11 0.12 0.09 0.20 0.05 1.03 0.60 
14 0.11 0.09 0.54 0.38 0.48 0.37 
Fusion in the car- 1 0.07 0.08 0.22 0.038 0.42 0.09 
bon are in air 4 0.25 0.12 0.21 Traces 0.46 0.10 
7 0.48 0.29 0.21 0.04 0.51 0.12 
11 0.12 0.09 0.20 Traces 1.03 0.23 
14 0.10 0.10 0.54 O.11 0.48 0.16 


incarbon are. The burning of carbon in wire containing 
0.07-0.12 per cent C is insignificant. The burning of 
carbon is also insignificant during fusion in atomic hy- 
drogen flame and in oxyacetylene neutral flame; even 
slight decarburization may take place. 

From the numerical values the following conclusion 
may be drawn. Silicon burns with maximum rate; 
manganese stands in the second place. Both elements 
are oxidized not by direct combination with O, from the 
surrounding gases but chiefly by means of the reducing 
reaction with FeO dissolved in the fluid drop. Now, 
since the reaction of ferrous oxide reduction with silicon 
is accompanied by evolution of heat, its burning will 
take place from the very beginning of the fluid drop 
formation while the temperature of the latter is com- 
paratively low, namely, near its melting temperature. 
The same holds true for the oxidation of manganese. 
After the concentrations of Si and Mn decrease and the 
temperature of the drop rises, carbon begins to react 
with ferrous oxide and this is accompanied by heat 
absorption. Spark formation that had taken place 
just before the tearing away of the drop pointed out 
acceleration of the reaction of carbon burning just at 
the end of the drop formation. The temperature of the 
drop is probably at this moment about 1600—1650° C. 

We may assume that changes in the chemical com- 
position of the adding metal during arc welding that 
take place in the fluid drop at the end of the bare elec- 
trode differ only slightly from those in our experiments 
of wire fusion in the carbon arc. Let us therefore com- 
pare them with the data of chemical analysis of small 
deposits obtained by means of arc welding with bare 
electrodes (Table 4). 

When the initial content of carbon in the rod is 
0.07-0.012 per cent, the burning of this element at the 
end of the electrode amounts approximately to one 


Table 4—The Burning of Elements during Arc Welding 


Wire Nos. 


1 4 7 11 14 
Carbon 
1. The content of C in the wire, 
2. The content of C in the de- 
posit, per cent........ . 0.04 0.10 0.19 0.05 0.04 


3. The content of C in the drop 

at the end of the electrode, 

0.08 0.12 0.30 0.09 0.10 
4. The burning of C at the end 

of the electrode, in per cent 

of the initial content....... 0 52 38 25 0 
5. Total burning of C after 

welding, in per cent of the 


initial content............. 43 60 60 58 60 
Silicon 
1. Thecontent of Si in the wire, 
0.22 0.21 0.21 0.20 0.54 


2. The content of Si in the de- 
3. Thecontent of Si in the drop 
at the end of the electrode, 
0.03 0.01 0.04 Traces 0.12 
4. The burning of Si at the end 
of the electrode, in per cent 
of the initial content....... 86 95 81 100 78 
5. Total burning of Si after 
welding, in per cent of the 


Traces 


100 100 100 100 =100 
Manganese 
1. The content of Mn in the 
0.42 0.46 0.51 1.03 0.48 
2. The content of Mn in the 
deposit, per cent........... 0.08 0.14 0.24 0.25 0.08 


3. The content of Mn in the 

drop at the end of the elec- 

ef 0.09 0.10 0.12 0.22 0.16 
4. The burning of Mn at the 

end of the electrode, in per 

cent of the initial content... . 79 78 78 79 66 
5. Total burning of Mn after 

welding, in per cent of the 


initial content............. 81 70 53 75 84 


quarter of the initial content, and when the initial con- 
tent is 0.25-0.48 per cent the burning amounts to about 
one half of this initial content. The total burning of 
carbon in the process of welding amounts to 50-60 per 
cent of its initial amount in the rod. 

As regards silicon, it burns out in a large degree— 
about 80-90 per cent—at the end of the electrode at any 
content of silicon within 0.20—0.54 per cent. 

No relationships could be found as regards the burning 
out of manganese, probably due to the fact that the loss 
of Mn takes place not only as the result of oxidation 
but also because of evaporation. The conditions of 
the fusion of wires in the carbon arc and during arc weld- 
ing are not identical and it is possible that in the first 
case the evaporation of Mn is higher than in the second 
one. 

It became of interest to find whether any absorption 
of nitrogen from the surrounding atmosphere took place 
during the process of fusion. These determinations 
were carried out on a small scale considering the difficulty 
of the exact determination of nitrogen in steel. The 
analysis was carried out by the method of dissolution in 
hydrochloric acid and distillation. The data given in 
Table 5 are mean values of two determinations. 

The increase of the nitrogen absorption during fusion 
in atomic hydrogen flame and in the carbon arc does not 
contradict our ideas of nitrogen activity under the condi- 
tions of the electric arc. 

Before we go over to the discussion of the weights of 
the drops shown on the curves of Figs. 4-6, the phenome- 
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Table 5—Nitrogen Content in Drops 


The Conditions Wire Wire 
of Experiments No.8 No. 12 
N; content of the wire, percent................ 0.0033 0.0035 
N, content after fusion in oxyacetylene neutral 
N; content after fusion in oxyacetylene oxidizing 
Nz content after fusion in atomic hydrogen 
0.0253 


0.0457 


non of surface tension which is the cause of the drop for- 
mation should be discussed. 

On the basis of the science of molecular forces it is 
considered that liquid is enveloped in an elastic film 
consisting of its surface molecules. The modern phys- 
ics begins to recognize the existence of a quasi-hard 
layer on the surface of liquid. On this basis we may pic- 
ture to ourselves the formation of drops when flowing 
out of the end of a narrow tube or during fusion of a 
metallic rod as gradual accumulation of liquid in an 
elastic bubble fixed at the end of the tube, the walls of 
which (of the bubble) expand due to the weight of the 
liquid. The size of the drop increases until the walls 
of the bubble are torn. The force of the tearing away 
per unit length of the line of rupture is taken as the 
measure of surface tension. The line of rupture is the 
line of circumference of the neck of the drop, where it 
tears away from the rest of the liquid. The surface 
tension is calculated by the formula x = mg/2rr, where 
m is the mass of the drop, g the acceleration of gravity, 7 
the radius of circumference at the neck. 

Thus, the results of our experiments may be interpreted 
from the point of view of the manifestation of forces of 
surface tension. 

The value of the surface tension for iron in air was de- 
termined by Quincke in 1869. By using the method of 
measuring the height of the drops, he obtained numerical 
values of the coefficient of surface tension at the melting 
temperature within 950-970 dyn/cm. Later, G. Draht 
and F. Sauerwald' determined the surface tension of cast 
iron in hydrogen atmosphere by the method of blowing 
gas through the liquid. By raising the temperature of 
the cast iron from 1267° to 1318° the surface tension 
changed from 936 to 914 dyn/cm. 

In so far as for our purposes it was enough to determine 
the relationships as regards the comparative changes 
of the weight of the drops, we did not try to measure the 
absolute value of surface tension. This value may be 
found approximately from our experiments if we assume 
that the diameter of the neck of the drops when tearing 
away is a constant value equal to 0.8 of the wire diame- 
ter. When the diameter of the wire is 0.4 cm., the diame- 
ter of the neck is equal to 0.32 cm. and the circumference 
to 1 cm. 

This agrees with the dimensions of the tearing away 
drop, shown in Fig. 3b. Thus the values (given on the 
curves) of the average weights of drops give also the 
approximate value of surface tension in g./em. If we 
multiply this value by 981, we obtain surface tension in 
dyn/cm. 

Considering the curves in Figs. 4—6, it should be noted 
that during fusion of low-carbon wire in neutral oxy- 
acetylene flame and in atomic hydrogen flame, the aver- 
age weight of the drop is equal to about 1 g. and is quite 
a constant value. The value of surface tension coef- 
ficient obtained from it is in near agreement with 
Quincke’s data. 


1 Z. fiir anorg. und. allgem. Chemie, 1927, No. 4. 
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In three grades of wire Nos. 5, 6 and 7 containing from, 
0.37 to 0.48 per cent of carbon, the average weight oj 
drops decreased to 0.86 g. during fusion in oxyacetylene 
flame and to 0.79 g. during fusion in atomic hydrogen 
flame. This may be accounted for by the fact that when 
there is a large content of carbon, a part of it forms car. 
bon monoxide that expands and untimely tears away 
the drop being formed. 

In the experiments of fusion in strongly oxidizing at. 
mosphere, another factor beings to exert an influence 
on the decrease of the average weight of drops. This 
factor is the formation of a large quantity of slag con- 
sisting of oxides of iron and impurities on the surface oj 
the drop. The average weight of the drop decreases also 
in such cases when the melting is being done in a neutra] 
gaseous medium, but after annealing the rod is covered 
with a layer of scale. The effect of a large quantity of 
slag formed due to the melted scale tells also here. This 
slag accumulated chiefly above at the base of the drop 
and in case of fusion in the carbon arc it formed a kind 
of collar around the drop of metal. It may be seen 
from the curves that in the case of fusion in the carbon 
are in a strongly oxidizing atmosphere or in the case of 
fusing the wire together with scale, the average weights 
of the drops decrease by 30-40 per cent. 

This decrease of surface tension may be accounted for 
by two reasons. Firstly, during fusion in a strongly oxi- 
dizing atmosphere the formation of a large amount of 
slag takes place which forms at the surface of the drop 
a layer of a second liquid that does not intermix. Then 
the forces of attraction of the reverse sign of the molecules 
of the surface layer of fluid slag will affect the molecules 
of the surface layer of metal and thus the surface tension 
in the boundary layer will be decreased. Secondly, on 
the interface slag-metal in the adsorption layer of the 
metallic drop ferrous oxide is dissolved; the amount of 
the latter depends on the content of free ferrous oxide 
in slag. The surface tension depends in a very high de- 
gree on the properties of the adsorption layer, and in 
particular we may assume that ferrous oxide dissolved 
in a sufficient amount in this layer contributes to a con- 
siderable decrease of surface tension. 


4. Summary 


1. The aim of the fusion tests in different gaseous 
media was to investigate two problems: 

(a) The changes in chemical composition of the molten 
metal that take place during the formation of the drop 
at the end of the electrode; 

(b) The laws that govern the tearing away of the drops 
of fluid metal from the end of the electrode wire during 
arc welding if there were no factors of electrical origin. 

2. Different gaseous media of the welding flame may 
be arranged in the following rising order as regards their 
oxidizing properties: 


(a) Oxyacetylene neutral flame, 

(b) Atomic hydrogen flame, 

(c) Oxyacetylene oxidizing flame, 

(d) The flame of the carbon arc in hydrogen atmos- 
phere. 


3. During fusion in the first two gaseous media, 
minimum burning of elements takes place, namely, 
the burning of carbon is insignificant; the burning of 
silicon amounts to 60-70 per cent and that of manga 
nese to 50 per cent. Maximum burning takes place 
during fusion in the carbon arc, namely, the burning of 
carbon amounts to 25-50 per cent; that of silicon 80-90 
per cent and that of manganese 80 per cent. 

4. The conditions of fusion tests in the carbon arc 
allow to assume that the results of these tests as regards 
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the burning of elements apply also to are welding with a 
pare metallic electrode. This is of a theoretical interest 
for the elucidation of the order of oxidation of elements 
present in the adding metal at the end of the electrode, 
and in the liquid bath on the base metal. The greater 
part of carbon is oxidized in the molten metal in the 
crater; almost the whole content of silicon is oxidized 
at the end of the electrode; more than half the content 
of manganese burns out at the end of the electrode. 

5. Taking in view the above conclusion, we may infer 
that in order to obtain conditions of minimum oxygen 
absorption and minimum burning of elements in the case 
of are welding with a metallic electrode, one should aim to 
full protection of the fluid metal at the end of the elec- 
trode against the effect of the surrounding air. 

6. The average weight of drops tearing away due to 
their own gravity in the case of fusion of low-carbon 
wire 4 mm. in diameter in a neutral gaseous medium is 
equal to about ! g. and does not vary perceptibly when 
the content of carbon varies from 0.07 to 0.25 per cent, 
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that of silicon from 0.22 to 0.54 per cent and that of 
manganese from 0.36 to 1.03 per cent. When the content 
of carbon is more than v.25 per cent, the average weight 
of the drop decreases due to its untimely tearing away as 
affected by the generated carbon monoxide. The aver- 
age weight of the drops during fusion of the wire in a 
strongly oxidizing gaseous medium decreases by 30-40 
per cent. 

7. Considering the variations in the average weight of 
the drops from the standpoint of the change of surface 
tension, we have to conclude that during fusion in an 
oxidizing medium the surface tension decreases consider- 
ably. This decrease of the surface tension is due to the 
influence of a layer of fluid slag covering the drop. The 
influence of slag may be accounted for in two ways: (a) 
the surface tension in the boundary layer between two 
liquid phases slag-metal decreases due to the interaction 
of the molecules of these two phases; (b) the adsorption 
layer of the fluid drop is saturated with ferrous oxide 
that decreases the surface tension of metal. 
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974 pp., illus., diagrs., charts, tables. 


WELDING SOCIETY ACTIVITIES 
AND RELATED EVENTS 
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Our Advertisers 


We respectfully call attention to the 
opportunities presented in the advertising 
pages of our JOURNAL. Manufacturers 
have gone to considerable trouble and ex- 
pense to present their messages in the 
advertising pages. Where catalogues and 
instruction booklets are available our 
members are urged to take advantage of 
securing their copy. 


Determining Interest of Journal 
eaders 


The following communication was sent 
to allthe members of the Society. Mem- 
bers are requested to fill in and return 
same promptly. JOURNAL readers other 
than members are asked to express their 
preference on the questions enumerated 
below. 


AMERICAN WELDING SOCIETY 


33 West Tuirty-NINTH STREET 
New York, N. Y. 
February 21, 1936 


To MEMBERS, AMERICAN WELDING 
Socrety: 


Gentlemen: 


One of the tasks of your Meetings and 
Papers Committee is to anticipate the 
needs and wishes of the membership at 
large in planning programs for national 
meetings and the contents of the Journal. 
Suggestions have been frequently re- 
ceived from members who desire particu- 
lar types of paper included in the Jour- 
nal, and the Committee has always wel- 
comed such requests. 

In order to stimulate the expression by 
members of their preferences, the Com- 
mittee has prepared the attached ques- 
tionnaire to serve as a basis for future 
issues of the Journal. Won’t you please 
cooperate with us to the extent of filling 


out this questionnaire so that the Journal [] (J High Carbon Steel 
may be made of maximum usefulness to all [] J Cast Iron 
members of the Society? [} ©) Cast Steel 
Very truly yours, [] £) Non-ferrous Metals 
E. Vom Streec, Chairman, 
Meetings and Papers Committee WELDING PROCESSES 
[} ©) Gas 
AMERICAN WELDING SOCIETY Resistance 
33 West 39TH STREET OO Thermit 
New York City () Cutting 
Help Make the National Meetings and APPLICATIONS 
Journal Reflect Your Interest O © Aircraft and Automotive 
Shipbuilding and Repair 
QUESTIONNAIRE [] (€) Railroad and Railway 
General Instructions: [] () Pipe Lines and Piping 
Place two checks to indicate major OO Pressure Vessels ‘ 
preference, one check to indicate general [} ©) Welding Shop & Maintenance 
interest and leave blank if not interested. Problems 
Return replies to American Welding (J UL) Tanks 
Society. Structural Steel and Bridges 
[]) (€) Light Gage Production Work 
FIELDS OF INTEREST [] © Machinery 
1) © Maintenance and Repair L) () Hard Facing and Surfacing 
[] Production (J Metal Spraying 
[] © Research Low Temperature Brazing 
Bronze Welding 
TYPE OF PAPERS 
O © Design Methods and Data An er To Physical 
Techniques, Procedures etallurgy 
CL) U Economics This book published by McGraw-Hill 
CL} () Test Results Book Company, New York City, was 
LJ tJ Metallurgy prepared by Leland Russell Van Wert, 
LJ) () Filler Metal Lecturer on Metallurgy, Graduate School 
OU Theory : of Engineering, Harvard University. The 
OU Specification and Codes book is a brief exposition of fundamental 
(Inspection, Training physical metallurgical principles and is 40 
L) L) Acceptance Requirements outgrowth of the course of lectures give" 
OU Safety pn at Harvard University. The book i 
() C) News and Pictorial Reviews cludes the following chapters: What Is 4 
Metal? The Metals and Their Proper 
METALS ties. The Equilibrium Diagram: The 
Low Carbon Steel Liquid-Solid Change. The Microcot 
0 Alloy Steel stituents of Alloys. The Properties o 
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Alloys. The Mechanical and Thermal 
Treatment of Metals and Alloys. Price 


$3.00. 


Nomination Ballot 


On the 1936 Nomination Ballot the 
name of F. M. Farmer, a member of the 
Nominating Committee, was inadver- 
tently omitted. 

Mr. Farmer attended and participated 
in the selection of nominees for elective 
offices to be filled at the Annual Meeting 
in 1936. 


Translations 


Through the courtesy of one of the co- 
operating companies the Society has 
available two copies of a translation en- 
titled “Stresses in Welding,” by Dipl. Ing. 
E. Helfrich, Halle a. d. Saale, translated 
from Die Warme, Vol. 55, No. 39, Sept. 
24, 1932. This is in connection with a 
program of mutual cooperation in such 
matters established by the Fundamental 
Research Committee. The Society is 
glad to loan these copies upon request. 


Welding Engineer 


The AMERICAN WELDING SOCIETY ac- 
knowledges with grateful appreciation a 
donation of Volumes 1 to 4 of the Welding 
Engineer made by Mr. W. B. Lasher, Jr., 
Director of Research of the American 
Chain Company, Inc. These additions to 
the library of the Society complete the 
file of the Welding Engineer. 

This generosity is particularly appreci- 
ated by those who wish to occasionally 
refer to some early development in welding. 


Welding Technology and Design 


A book on the above subject published 
by J. B. Lippincott Company, Phila- 
delphia, has been prepared by Messrs. 
G. F. P. Fox and F. Bloor. This book 
is 90 pages and contains information and 
data design for filling a long-felt need 
among draftsmen and technicians. The 
book sells for $1.50. 


Airco Electric Catalog 


Electric welding products—electrodes, 
arc welding machines and miscellaneous 
apparatus—are well described and illus- 
trated in a thirty-two page book recently 
issued by the Air Reduction Sales Co., 
60 East 42nd Street, New York City. 

The first section of the book is devoted 
to electrodes, of which there are some 
thirty-nine—bare, coated, cast iron and 
bronze, and Stoody rods for hard-facing, 
ete.—and for each is a paragraph stating 
recommended uses, physical properties, 
welding procedure and a general descrip- 
tion of flowing qualities, penetration, etc. 

Miscellaneous apparatus comes next— 
helmets, face shields, cables, lungs, plates, 
gloves, brushes and electrode holders— 
all illustrated and well described. 

The third part takes up the subject of 
W ilson are welding machines (distributed 
nationally by Air Reduction) and is intro- 


duced by an interesting article showing 
the durability of these machines in action. 
A complete description of the make-up 
of the machines and their various ad- 
vantages is followed with illustrations of 
the different types—the Wilson A.C. 
Transformer Type being singled out for 
special attention. 

The last section consists of a group of 
tables especially useful to the welder, 
such as an arc welding table, a chart of 
recommended arc voltages, recommended 
amperages, approximate weights of Airco 
rods and an excellent summary of the 
causes of bad welds. 


SECTION ACTIVITIES 


BOSTON 


Prof. A. V. deForest of the Massa- 
chusetts Institute of Technology will 
speak before the Boston Section at its 
meeting on March 20th. The meeting 
will be held in Room 5-330, M. I. T., at 
7:30 P.M. 


CHICAGO 


The February meeting of the Chicago 
Section was held on the 28th, at the 
Mission Hall, Armour Institute of Tech- 
nology. ‘Welding and Cutting on Rail- 
roads”’ was the subject of the meeting. A 
lecture course on ‘Metallurgy as Applied 
to Welding,’’ by Jules Muller of the Chicago 
Steel and Wire Company was first on the 
program. Mr. Otto Gier, Superintendent 
of Welding, Grand Trunk Western R. R., 
described welding operations as performed 
in railroad shops. Mr. Charles M. Lam- 
mers, Supervisor of Welding and Metal- 
lurgical Chemist, Chicago & Eastern IIli- 
nois Railway, spoke on ‘Reclamation 
Welding—Its Field, Its Faults.”” Motion 
pictures showing welding and cutting 
operations in some of the large railroad 
shops were shown through the courtesy 
of the Oxweld R. R. Service Company. 


CLEVELAND 


The Cleveland Section held their 
fourth regular meeting of the season 
Wednesday evening, February 12th, at 
the Cleveland Engineering Society. There 
were about sixty-five present. Mr. Louis 
J. Larson, Director of Welding Research 
of the A. O. Smith Corporation of Mil- 
waukee, spoke on “An Exploration of the 
Modern Metallic Arc.”” The talk was 
illustrated by slides. In addition to de- 
scribing some experiments dealing with the 
behavior of the metallic arc, Mr. Larson 
discussed some of the results accomplished 
in the use of such an arc. 


DETROIT 


The monthly meeting of the Detroit 
Section was held on February 27th. 
“Short Timing Control in Resistance 
Welding’’—a lecture fully illustrated with 
operating timers—was presented by Mr. 
J. W. Dawson, Control Engineer of the 
Westinghouse Electric & Manufacturing 
Company. 


LOS ANGELES 


The January 23rd meeting was held in 
the Chamber of Commerce Building with 
sixty-two present. Mr. Turner C. Smith 
gave a discussion on progress of “‘Struc- 
tural Steel Welding Course.”” Mr. Frank 
Howard elaborated on Mr. Smith’s talk. 

The following officers and executive 
committee were elected: 

Chairman—Jim Blake, Victor Welding & 

Equipment Co. 
Vice-Chairman—Wayne Howard, General 

Petroleum Company. 

Secy. & Treas.—Russell L. Graves, Union 

Oil Company. 

Executive Committee: 

Frank Howard, Smith-Emery Co. 

R. W. Binder, McClintic-Marshall Co. 

P. D. McElfish, Standard Oil Co. 

G. L. Parsons, Lincoln Electric Co. 

C. P. Sanders, Western Pipe & Steel Co. 

Frank Emery, Air Reduction Sales Co. 

Mr, P. G. Baker of Roscoe Moss Com- 
pany gave an interesting talk on the new 
Atomic Hydrogen Welding Process and 
its application in the Roscoe Moss plant, 
of which Mr. Baker is Chief Engineer. 
His talk was very enlightening on the 
problem of welding hard steel. 

Mr. Cipperly of General Electric fol- 
lowed this talk with a detailed descrip- 
tion of the Atomic Hydrogen Flame and 
Apparatus that is used to apply it. Both 
talks were interesting and appreciated. 


NEW YORK 


The regular monthly meeting of the 
New York Section will be held on March 
10th. Mr. A. B. Kinzel, Chief Metallur- 
gist of the Union Carbide and Carbon Res. 
Labs., will speak on “‘Low Alloy, High 
Tensile Steels,” and Mr. H. M. Priest, 
Engineer, Railroad Research Bureau, Sub- 
sidiary Mfg. Companies, U.S. Steel Corp., 
will present an address on ‘‘Applications of 
Low Alloy, High Tensile Steels.” Lively 
and interesting discussion is expected. 

The April meeting of the Section will be 
held on April 14th in Room 501, Engi- 
neering Societies Building, and the sub- 
ject will be ‘Welding in Shipbuilding.”’ 


PITTSBURGH 


Mr. E. W. Forker, Manager of the 
Process Equipment Division of the Blaw- 
Knox Company, spoke before a large at- 
tendance of the Pittsburgh Section mem- 
bers and guests, Wednesday, February 
19th, at the Roosevelt Hotel 

The method of fabrication of the Ever- 
dur, stainless steels and alloys was thor- 
oughly covered and with the use of slides 
and charts the subject was made excep- 
tionally interesting to those present. 
Slides showing the large number of various 
pieces of equipment manufactured by the 
Blaw-Knox Company were shown and 
discussed by Mr. Forker. 

Representatives from most of the indus- 
trial plants and companies manufacturing 
equipment for oil companies were present. 

Following the talk the meeting was 
thrown open for general discussion and in- 
spection of the many samples of welded 
metals on display. 
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HO can estimate the 

value of the tele- 
phone in the daily 
lives of millions of 
men and women... 
in time and money saved, 
in increased efficiency, in 
security and priceless help 
in time of need! 

Contact, communication, 
swift interchange of ideas— 
these benefits the modern 
world offers you. The tele- 
phone is one of the chief in- 
struments by which you can 
seize them. With it at your 
elbow you are ready for 
what may come—for oppor- 
tunity. for emergency, for 


THE WELDING JOURNAL 


BELL TELEPHONE SYSTEM 


the brief word that may 
open a fresh chapter in 
your life. 

Within the next twenty- 
four hours, sixty million tel- 
ephone calls will be made 
over Bell System wires— 
each a separate transac- 
tion, complete in itself. Yet 
your own calls will go 
through as quickly and 
efficiently as if the entire 
system had been built 
especially for you. 

NOW IN EFFECT—Special Sunday 
Rates for station-to-station Long Dis- 
tance telephone calls, and Reduced 
Person-to-Person Rates after 7 Every 
Evening and All Day Sunday. The 
reductions apply, in general, to calls 
on which the day station-to-station 


rate for three minutes is more than 
35 cents. 
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